
Treatise on the Theory and 
Practice of Naval Architecture 

Augustin F. B. Greuze 



'//-/ft 




HARVARI 

COLLEG] 

LIBRARY 






Digitized by GoogI 



Digitized by Goog[e 




TREATISE 



ON 



NAVAL ARCHITECTURE. 



A. F. B. tREUZE, ESQ. 



Digitized by Google 




/ 



(? 



TREATISE 



OX THE 



THEORY AND PRACTICE 



OF 



NAVAL ARCHITECTURE: 



BEING THE ARTICLE « SHIP-BUILDING" 

JK THE 

ENCYCLOP/EniA BRITANNICA, SEVENTH EDITION. 



MY 

AUGUSTIN F. B. CREUZE, 



MEMBER or THE LATE iiCHOOl. OE NAVAL ARirHITtCTL’IlE. 

I'REMDENT OP THE PORTSMOUTH PHILOSOPVICAL SOCIETY, AND EDITOR OF THE PAPERS 
ON NAVAL ARCHITECTURE. 



WITH FIFTEEN PLATES. 



^ EDINBURGH : 

ADAM AND CHARLES BLACK; 

9IMPKI.V, MAKSHALL, & CO., WHITTAKER & CO,, AND HAMILTON, ADAMS, & CO. LONDON ; 
AND JOHN Cir.M.MI.Vti, DLHLIN. 

M.DCCC.XI.r. 



Digitized by Coogle 



i> 0 S ^ • W / 



a ft of 

Fratieio A. Mardon. 
>’'’W York, 

23 Mn.roh, 1887. 



l*rint€d b)r Tuoma* Allax A Co. 
illgb Kdinburf(b. 



>* 

I 



Digitized by Google 






INTRODUCTION. 



The Proprietors of the Encyclopaedia Dritaonica having resolved on printing the article 
** SuiP'Building” as one of their separate Treatise^) it may nut be deemed superfinouB to ap> 
pend to it the following short explanatory introduction. The principal inducement to this 
determination on the part of the Proprietors, is the great scarcity of works on Naval Archi- 
tecture in the English language. It may fairly bo objected, that a Treatise, written in con- 
formity with the restrictions of space necessary to the articles of an Encycloptedia, must be 
inadequate to supply thisdesideratiim, and must be deficient in professional detail. Although . 
this objection is to a certain extent admitted, it is doubtful whether *the increased utility 
of a more voluminous work would have been commensurate with the additional cost, or 
whether a Treatise which aims at the popular elucidation of general principles is not 
likely to be of more use, and more adapted to udn attention, than a work of elaborate dis- 
quisitions; a work, in fact, containing not only the principles of the science, but details 
concerning the application of those principles, U^ether with all the technical minutire of 
the art of ship-building, unijileresting to all but practical men. 

The princi{>al additions which might have been made would have consisted of examples 
of the various calculations necessary to the scientific formation of the design of a ship, more 
voluminous tables of dimensions of ships of all classes, and for all services, and correspond- 
ing tables of scantlings of their various component parts. 

With respect to an example of the method of making the whole of the calculations, it 
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certaiitly would have appeared a most impocing mass of aritlimetical labour, and might have 
saved tM>mc little thought to an inattentive student. This Treatise will, however, liave failed 
very materially in the object fur which it was written, if the description of the manner of 
|ierforming these calciilutionK should not be sufficient to enable an attentive student to com- 
plete them without the aid of an example. Should an example be deemed indispensable, 
tine may bt' found at the close of Professor Inroan*s notes to his translation of the ArckiUctura 
Satalis Mcrcatoria of Chapman ; a work tliat should be in tbe library’ of over)' |)orsoii 
wishing to study naval architecture. It certainly is requisite that the student should have 
at least the preparaliuti of cletnetiUiry mathematical knowledge. Without this preliminary 
acquirement, it would bo impossible for him duly to comprehend the object or the nature of 
tlie work on which lie was employed, or to have any confidence in his nnults when they were 
obtainctl. With comparatively elementary mathematical knowledge, he may not only un- 
derstand the explanation of the manner of, and tlie reasons for, |)erf«>rming the calculations, 
hut also a]ip1y them to particular cases. It is |)crhapa necessary to state, that little more 
than what may be considered elementary knowledge of mathematics will he required in 
reading the whole of the Treatise. In the mathematical inveetigations of the questions in- 
vidving the mutual dc^icndcncc of tlie water on the hull of tlie ship, and of the wind on the 
sails, a knowledge of the simple problems which embrace the principles of tbe composition 
and resolution of forces is necessiiry. Bui no person unacquainted with these principles 
cuu be said to be competent to direct works of importance in any branch of mechanical art, 
and therefore it tumnot be too great an assumption to presuppose that persons vi’isliing to 
understand what naval architecture i», still more to become naval architects, are acquaint- 
ed with them. Also, since naval ufficers eaiinut enter into the reasons for the beautiful 
maimmiTcs incidental to tlic practice of navigation, if unacquainted with these principles, 
the same argument tmiy be adopted to justify the supposition that they also are in pos- 
session of such preliminary knowledge. Therefore, should they be induced to read that por- 
tion of the present Treatise in which these questions are involved, they will meet no diffi- 
culty which attcnlion will not overcome, and will 6iid that the theory of seamanship is most 
intimately connecte<l with the theoretic studies of the naval architect. 

With respect to dimensions of shipH, a sufficient variety will be found in tbe following Trea- 
tise, to serve as data in applying the reasonings and investigations that are contained in it 
to practice. Again, with regard to the addition of Kchemes of scantlings, the object of that 
portion of the work which is devoted to practical ship-building has ratlier been to strike 
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onl a new method of treating t)io subject, than to follow the usual roultue of giving long 
details of scantling, sizes of fastenings, and minutiae of workmanship, which would have 
little to recommend them beyond others that are already in print The course adopted has 
lieen to establish a few leading principles as guides to the practical ship-builder, by which 
to determine the nature of the strains and stresses to which a ship as a whole, and the va- 
rious combinations of its structure as parts of that whole, arc subjected. And the reason 
for pursuing this plan has been the conviction, that it is of greater importance, in a prac- 
tical point of view, to determine the nature of the stress, and how roost advantage- 
ously to place a Tastening, a tie, or an abutment, toop|x»so that stress, than to accumulate 
tables of scantlings to those which arc already' to be found in print; at least the adoption 
of this course is considered Jis being more likely to conduce to an economical acquisition 
of strength. In fact, the (remendmis power of the waves of a tempestuous sea, and the 
dangerous, and often, in despite of all precautions, fatal effects of a vessel’s grounding or 
striking on a rock, must make it evident that in many cases it is not only utterly impossible 
to estimate the limits of the strain which would have to be resisted, but impracticable to 
accumulate an amount of strength sulhcient to preser^'e the vessel from destruction. 

In the generalizations of this part of tlie Treatise, the endeavour has been to point out 
those portions of the structure that are capable of being adi^quately strengthened to resist the 
usual strains to which they will be subjected ; also those parts in which strength may be most 
advantageously accumulated as a reserve, and tliosc other parts which it is necessary to 
strengthen by support to be derived from these stronger portions of the structure. By this 
means it is conceived that a ship of uniform strength or power of resistance to external 
force, and to strains from excess of cargo, and from stress of weather, may be insured. It 
is presumed that a ship of adequate strength against all but the unavoidable contingencies 
already mentioned, can scarcely fail of being built, if any of the recognised schemes of scant- 
lings be taken as the Imsis of the dimensions of her timhers, and the reasonings of the Trea- 
tise he considered in their disposition, or in any modiheatinn of them. 

Tlie only guide in the English language for the details of the system of practical build- 
ing which is pursued in the Government dock-yards, is ** Fiiicham’s Outlines of Sbip- 
Building.” Mr Fincliam, now the master shipwright of Chatham dock-yard, was, almost 
from the foundation of the late School of Naval Architecture until its abolition, the instructor 
of the students in practical ship-building. He has had, therefore, in addition to his own pre- 
vious knowledge acquired in a dock-yard, many years of that best of all experience, the 
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experience acquired from teacliing ; and the existence of 1ii« work renders the absence of 
similar details in the present Treatise of comparatively little importance. It may however 
bo necessary to obeerve here, that much information in practical building which has not 
been embodied in the letter-press of the following pages, will be obtained by referring to 
t)ie plates. 

It will be obeerved, that in the pages of the following Treatise, whenever the details of 
practical building incidentally involve the mention of modern deviations from ancient cus> 
tomary combinations or methods of biting, all discossion as to wlio were or who were not 
the original proposers has been avoided. A contrary course would have been entering into 
controversial discussions that would have been completely at variance with the intention 
of the Treatise. 

Although the portion o fthe article which has been devoted to the subject of laying off 
ships on the mouId-loA floor is that which is the most abridged, in consequence of want of 
space, it is considered that enough of the principles are explained to render any particular 
application of them, beyond the examples given in the text, a task of very little difficulty. 
It will be seen Uiat in several instances, although the methods of laying off certain 
portions of the vessel are illustrated by the plates, the text which referred to these illus- 
trations has been omitted, to bring the matter within the limits assigned. The laying off 
was selected for abridgment, because, altliough there are no works in the English lan- 
guage that treat either of the theory or the practice of naval areliitecture, on the plan 
which lias been attempted to be pursued in this Treatise, we possess several works upou 
laying off. Of these the best are nndoubtedly Stalkaart, Steel, and Fincham, Mr Fincham’s 
having the advantage of being tlie most modern, and adapted to modern ideas and 
improvemenU. 

It has not unfrequcntly been objected to works having for their object the diffusion of 
information on naval improvement, that we, as Englishmen, should be cautious in pub- 
lishing such knowledge, but should rather endeavour secretly to avail ourselves of it, 
because an opposite course might tend to diminish the superiority of our navy, by increas- 
ing the efficiency of that of our rivals. Wo do not believe that this conclusion is at all 
correct, and we shall presently endeavour to establish the position wc thus assume. But 
even were it absolutely and incontrovertibly correct, it can only be applied to Uie question 
of the improvement of naval architecture, by the advocates of a most selfish and narrow- 
minded policy. A broad distinction should be drawn between the means of preservation 
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and tho means of dostrnction. The moans of presorving human life should be considere<l 
the common property of all mankind ; the means of destroying it) unless the national safety 
should demand it, a secret neither to l)e divulged nor used* Kvery man who can in any 
way add to the security with which the sea may be navigated) is as much bound to diffuse 
such knowledge, as he would be to save a drowning man from tlie waters. Whether the 
additional security be attained by the improvement of tho chart, which is the guide to na- 
vigation, or of tho chronometer and sextant, which render tliat guide available, or finally 
of the sliip itself, the additional security is a boon to mankind, and the promulgator or the 
inventor of the means by which it is attained is surely a l>enofacU>r to his species ; because, 
in proportion as the means and aids of navigation arc perfected, its dangers are diminishe<l, 
and in proportion as the knowledge of the methods for improving them is diffused, ho is 
the whole family of man benefited, and the natural state of society, which must he pre- 
sumed to be a state of peace and go<Kl-will, ameliorated. 

On the other hand, as far as the question of state-policy is involved, it should be remem- 
bered, that although we may avoid the discussion of questions on the improvements of 
naval arcliitccturc among ourHolvcs, we cannot prevent other nations from discussing 
them ; the necessary result of which would be, and we may almost say has been, because, 
to a certain extent, this policy has been pursued in England, that they would progressively 
improve, while we should he confined to the slow and uncertain developments of know- 
ledge, which are the necessary conse<|uences of being restricted within the bounds of an 
ever-comroencing, because an uncommunicated, or, at the bi^t, an im|ierfectly communi- 
cated experience. It may l>e said that wo can profit by their advance; but is this assum;i- 
tiou correct ? If foreign nations follow that more enlightened system of policy which 
encourages ihe application of other and more abstract sciences to the investigation of the 
phenomena of naval architecture, and arc thus able to arrive at and to establish correct 
conclusions, to be transmitted as sure bases for further researches, while we, on the c<m- 
trary, remain ever restricted to that modicum of knowledge, or of experience, as it is 
called, which is the result of a lifetime of error, bow are those men to be formed who 
would be capable of profiting by tho advance made by the foreigm?r ? Where are those 
men who can even be fitted to comprehend in what it consists aufliciciitly to render it 
available to our wants? lie this as it may, it is too notorious, that during our wars with 
Prance and Spain, w'c have never yet been able to derive the advantage of any consider- 
able increase to our knowledge in the principles of designing ships, from the numerous 
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fleets which have fallen into our hands, although it is equally notorious that their ships 
wore superior to our own. The excitement of emulation is deadened in the mere copyist, 
and one of the chief incentives to improvement is lost in the servile office of imitation. 

It may possibly be thought, that a very large proportion of space is appropriated in this 
Treatise to the historical sketch of the progress of naval architecture. It was found however 
impossible to avoid this; nor perhaps is it to be regretted, for it is a great point towards 
the advance of any branch of knowledge, not only to ascertain the existing amount of that 
knowledge, but also the various steps by which that amount lias been obtained, and the rea- 
sons why it was not sooner obtained. We are prone to wonder, when we look back from the 
present comparative perfection of the various sciences, through long centuries of delusion 
and of ignorance, to their rise, and trace tlic wearisome and feeble steps by which that 
perfection lias been attained ; and we are astonished that such apparently trifling impedi- 
ments should have so long delayed their progress; but on reflection we shall find, that the 
principal reason for the various delays, interruptions, and even retrogressions, wliich have, 
to a greater or less degree, been attendant on the progress of the whole of them, was, that 
in many instances the apparent advances in the path of improvement were not based on 
knowledge sufficiently profound. Thus, altliough in that most sublime and most perfect 
of all sciences, astronomy, amazing discoveries had been made through the persevering ana- 
lyses of such men as Hipparchus and Ptolemy among the ancients, and Copernicus, Tycho 
Brahe, Kepler, and Galileo, among tlie moderns ; it was not until the discovery by New- 
ton, of the laws of gravitation, that each fresh investigation led to an assured advance in 
our knowledge of the universe. Again, in tracing the Instoiy of naval architecture, how 
long was its progress delayed? And how vast must have been the loss of human life, 
merely from the ignorance that existed among ahip«huilders, of that problem which drew 
forth from Archimedes the joyful ejaculation, I have found it I I have found it !’* up- 
wards of two thousand years before Sir Anthony Deane first, in England, applied it to 
shi|>-huilding ? 

The science of naval architecture — for as a science it must now be treated, to en- 
able it to respond to the rerjuiremeuts of the present day— cannot be said to have been 
even in its emhiy*o until the discovery of the compass; for until then little more than boats 
were adequate to the most extended wants of navigation. This discovery was made, 
according to the received opinion, about the year 1300, though there appears to be good 
reason to believe, that the directing power of the magnet was Imperfectly known, and par- 
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Ually applied to the purposes of oavigation, for nearly a century previous to this date. Be 
that as it may, we have tolerably succinct histories of nautical adventure from that period 
until the present; and the result of an investigation as to the diminution of sea-risk from 
the time of Gioia to that of Drake, from thence to that of Anson, and again to the present 
epoch, would be not merely a curious, but an instructive document, because it would serve 
as a practical illustration of the advantages resulting from the improvement which lias 
gradually taken place, and because also we might fairly draw an induction from what has 
been done with but very imperfect means, to what might have been done had those im- 
provomonts been anticipated by centuries. And it is not unreasonable to presume that 
many of them would have been so, had it chanced that the aid of a scientihe system of in- 
vestigation could have been as early applied to naval architecture as it has been to civil 
architecture. 

We may fairly say that there is no machine upon which more varied or more extended 
knowledge may be advantageously bestowed than upon a large ship, to insure perfection in 
its several requisites, as a machine for locomotion, for burthen, for war, for strength, and 
for durability; and we grieve to say that we know of none upon which so little has been 
considered necessary, at least in this countr)’. It was at once admitted that Sir Chris- 
topher Wren, who, Newton has said, was one of the greatest geometricians of the ago in 
which he lived, was alone equal to the task of rebuilding St Paul’s ; and both before and 
since that time there has not been a public building, nor even a mansion, erected, with- 
out the aid of men of scientific education.^ A first-rate man-of-war is as a cathedral in its 
immensity aud in its expense, and a loaded Indiaman is even yet a more costly hazard : 
add to this Uie inappreciable amount of human life with which each U freighted, and well 
may greater skill, profoundcr science, and higher intelligence, bo each and all tasked to 
insure the safety of the precious charge, which, unlike the earth-supported cathedral, is 
almost a baseless fabric, and is therefore subjected to far more complicated and more vio- 
lent trials than can be encountered by any structure on a firm and unyielding foundation. 

The naval architect should prepare the ship ready for the hands of. those who are 
to navigate her. It is the ship, with her masts and sails adapted for her, and her stores 
and their stowage arranged, which is required from him. That these objects may be all 
achieved, and perfect in their kind, not only would the most profound theoretic knowledge 
be required, and that too in several sciences, but there must bo a vast fund of sound prac- 
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tical cxpericDcc baaed on that theoretical knowledge. The naval architect should be ntit 
only a mathematiciau and a chemist, but be must be a tliorougb practical mechanic. 

A tihi|>, whether destined for war or commerce, ought to be able to bear a certain de> 
tcrmincd lading, ami be sufliciently ca{Mtcious to aflford ample accoiuroo<latiuns for her crew, 
with all the contingencies involved in the consideration of their health and comfort.^ She 
must carry tlic cargo with ease to herself; the artillery in a perfectly efficient state, whether 
sjiaee for working the guns, or the height of those guns above the surface of the sea, be 
considered. She must bo so formed that she shall bo able to make ber passages with velocity 
when the wind is favourable, and contend with it advantageously when it is unfavourable. 
The ship must be capable of being w'urke<] with ease, rapidity, and certainty, however ad- 
verse the circumstances may bo under which the mana*uvrcs arc performed ; fur it will some- 
times happen, that the more unfavourable the circumstances arc, the more imperative is this 
necessity for success. She roust have great stability, or the pow'er of resisting inclination, and 
of restoring herself to an upright position when inclined ; and this must be so nicely gradu- 
ated and adjusted, that the perfect safety of the vessel may he insured without any injurious 
strain being brought upiui the masts or rigging by an excess of this resisting power. She must 
)h 2 able to sail over rough seas without any injury from the pitching or rolling motions which 
will ensue, and without the hazards to the crew, to the vessel, or to the cargo, which would 
result from a tendency to ship seas when thus situated. Her masts must be so proportioned 
that they shall be sufficiently strong, taking into consideration the support they derive from 
the rigging, to resist the strains to which they will be subjected, and that without being so 
)ica>'>* as to diminish unnecessarily the stability of the ship, or ref|uirc superfluous lading from 
extra ballast. The masts must be lofty enough to spread an adequate surface of canvass to 
furnish the propelling {>ower, and, at the same time, be so placed and so proportioned to 
each other, that this propelling power may be readily converted into a series of mutually 
counteracting or cc^opcratiiig forces to insure quickness of mancpuvHiig. The hull must 
be perfectly impervious to the water, otherwise the cargo or the stores will be subjected to 
damage, and the ship to premature decay* All the various parts must be so put together that 
the whole shall compose a structure of uniform and adequate strength, and this not only 
when the vessel is new, but for so long as the materials of which she is constructed will en- 
dure. She must be composed of such materials, and those materials must be so arranged, 
that there shall be no injurious combination inciting premature decomposition or decay. 
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One ^eat inconveniencei arising from the absence of any thing like a systematical pur- 
suit of the study of naval architecture in this couiitr\% is, tliat there is very little tradi- 
tional knowledge as to the various attempts at improvement which have been made. This 
may perhaps be beet illustrated by an example. Could it have been possible tliat there should 
have 1>een an official receptacle for this traditional knowledge as early as the sixteenth cen« 
tury, the improvements in shipping, resulting from the system of diagonal trussing, would 
certainly not have been so long delayed; for its advantages were evidently suspected even 
at so early a period as that. But for an instance which may be traced more particularly, 
and which more decidedly points out the advantage of records of experiments when ih the 
bands of persons competent to the task of judging of their impurlHiicc, and of drawing in- 
struction from them, we may lake an incident recorded in the historical portion of the 
article. The Homans sheathe<l their sliips with lead, secured on the bottom by copper 
nails. In rooilern naval liUtory, the S|»auiardH, acci»rdiiig to Navarrete, Brst attempted tliis 
in 15I4-. Tlie first ships sheathed with metal in England were those fitted out in irK>3 to 
discover a north-east passage to China, or, as it was then called, Cathay, and placed under 
the command of Sir Hugh Willoughby. This was the expedition in which Hichnrd Chan- 
celor was pilot-major, and which endetl in the melancholy loss of Sir Hugh Willoughby, 
and in establishing the fame of Uiebard Chancelor as the discoverer of Russia. Lead 
sheathing was again tried in 1671 on the Phmiiix, and between that date and 1690 twenty 
ships w'ore so sheathed. It was thou discontinucil ; hut in 176H the Marlborough’s bot- 
tom was covered w'ith lead, which was removed after a two years* trial. Tliere is then 
aiioUier lung interval until 1833, when lead sheatliing was tried on the bottom of the Suc- 
cess, in Portsmouth harbour. Now, had these various experiments been on record, with 
the reasons of their failure, those caiucs of failure would nut in all probability have been 
repeated in each successive ex|>eriment, and certainly the lead on the bottom of the Suc- 
cess would not have been secured with iron nails. It is not improbable also that, cen- 
turies ago, some method would have been ascertained of advantageously applying that less 
costly metal, lead, to the iHittoniH of hiilks, and all stationary vesseiis and thus many hun- 
dreds of tons of copi>cr would have been saved to tlie nation, by a lesson first taught bv 
the copper nails in the sheathing of a Roman galley. 

Before closing these few prefatory remarks, it may be useful to state concisely the cha- 
racters of some of the principal works to which the student desirous of Information on the 
subject of the theory of ships, or of the art of shlp-building, may address himself. 
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T)ie English works are few. Tlie earliest English writer on the subject was Sir Walter 
Raleigh, who left two discourses on nautical affairs, from which some interesting extracts 
will be found in the following pages. The celebrated Samuel Pepys, who was secretary 
to the Admiralty in the reigns of Charles II. and of James II., is recorded to have writ* 
ten a work entitled ArchUcctura NaiKUis ; but the writer of this article has never been 
able to learn further of it than its bare name, nor indeed even to authenticate the fact of 
its publication. There appear to have been several works published in the early |>art of 
the last centur)', by shipwrights and mariners, in which geometry, trigonometry, mensura- 
tion, tables of squares and cubes, rules for extracting roots, gunnery, navigation, land and 
sea surveying, nautical astronomy, and ship-building, are mixed together in most ad- 
mired disorder but few of those are now to be met with, unless it be in the libraries of the 
curious. Among those which are occasionally to be procured, that of the earliest date is 
called the ** Ship-Builder’s Assistant, by William Sutherland, Shipwright and Mariner.*’ It 
contains minute details of the practice of building and rigging ships at that period, and 
also one of the earliest glossaries in the language of the terms of naval art. The date of 
publication is 1711. The Seaman’s Dictionary, by Sir Henry Manwayring, knight, was of 
an earlier date than this, it having been published in 1670. There appear to have been three 
editions of the Ship-Builder’s Assistant, therefore its fame must have been considerable. 
The same author published another somewhat similar work in 1717, under the title of the 
** Mystery of Ship-Building Unveiled.’* But neither of these hooks U at all to he compared 
to the next in the series, “ A Treatise on Ship-Building and Navigation, by Mungo 
Murray,** a working shipwright in the government employ. It contains short treatises of 
geometry, trigonometr)', mensuration of superficies and of solids, and logarithms, an ex- 
planation of the method of laying off on the mould-loft floor, and several mechanical me- 
thods of designing the bodies of ships : to these are added, treatises on land-surveying, 
geography, and navigation; and an appendix, containing an abridgment of the French 
works on naval architecture, by Du Hamel do Monceau, and by Bouguer. Mungo 
Murray was most undoubtedly a man of thought and ability, and his acquirements were 
very far superior to his station. Had he been advanced in the service, it is more than 
probable that his country would have had ample reason to be grateful to him for the be- 
nehis which he would then have hud the power, as he certainly had the ability, to ren- 
der her. HU book is one of those wliich our great-grandfathers apparently delighted in ; 
but after a lapse of nearly a century, though interesting, it is not a hook to recommend 
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to the modern student, excepting for the translations, in the default of a knowledge of the 
French language* 

Stalkaarl's work on laying off has been already sufficiently noticed, it being now sup* 
planted by that of Fincham at a much more moderate price. 

A Treatise on Naval Architecture, by William Hutchinson, mariner and dock-master 
at Liverpool, 1794, is the work of a very shrewd and observing man. It may be taken as a 
very fair sample of the degree of knowledge which may be attuned by such a class of men, 
resulting from their long experience as seamen, but which is almost always hampered by their 
adoption of some particular views or dogmas, in order to strengthen which they are liable to 
pervert all their reasonings. As long as the works of such men are studied fur the facts 
which may be recorded in them, they are valuable, because generally only such facts as 
are worthy of notice are recorded. It is a book which may be read with interest by the 
naval architect. It treats also of practical navigation, and on the defence and attack of 
ships. William Hutchinson was an old privateer’s man and merchant mariner. 

The Elements and Practice of Naval Architecture, by David Steel. This is a compila- 
tion by a bookseller; but it has been made with considerable ability, and he lias em- 
bodied in the work a great deal of useful practical information on ship-bnilding, and a 
very good treatise on iaying-off ships on the mould-loft ffoor. The tables of dimensions 
and scantlings are by far the most voluminous in the' language. There is »\m a large 
folio of plates, consisting of drawings of ships of all the classes in the royal and mercantile 
navies at the date of publication, that is, in 1805. There arc several other smaller works 
compiled by or written for Steel. The Shipwright’s Vadc Mecum may be called an abridg- 
ment of this larger work, which is in the quarto form. He also published a valuable work, 
in two quarto volumes, on Rigging and Seamanship. In 1805, a Prospectus of an in- 
tended work on Naval Architecture, in all its branches and ramifications, was published 
by Alexander Mackonochie, Esq. of Daypoor, near Calicut, on the coast of Malabar; and 
had the work itself appeared, if we may judge by the talent and research apparent in the 
Prospectus, it would probably have left nothing further to be desired, but would hare 
equalled, if not excelled, any work on naval architecture that has yet been written, not 
only in England, but in Europe. The Prospectus, which consists of about fifty closely 
printed quarto pages, is of itself an admirable essay on the various subjects for inquiry 
which suggest themselves as being involved in the theory of ships, and the practice of ship- 
building, interpreting these two branches of naval architecture in their most extended sig- 
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DiBcation. When the author of the pre»eut Treatise was editing a w«>rk called ** Pa|)ers on 
Naval Architecture,*’ )>« made several ineffectual attempts to ascertain the fate of the 
papent of the late Mr Mackonochie, under the ho|>c of being able to rcacue some portion, 
at least, of the works of this gentleman from the oblivion to which it is to be feared they 
are destined. 

To this list of books may be added a translation of Euler's ** Complete Theory of the 
Coiistructiun and Proprieties of Vessels.” This may be called an abridgment of his cele- 
brated work Scientia NavaUs. The translation was made from the French, by Colonel 
Watson of the Royal Engineers. Chapman’s Area of Sails” has also appeared in the 
English language, but is so very scarce that it may be said to be found only in the pages 
of (he Papers on Naval Architecture, in the ninth number of which it was reprinted, in 
order to preserve so valuable a work from being utterly hwt to English readers. 

The more modern works on naval architecture which have appeared in England will be 
found to be sufficiently mentioned in the following Treatise to enable the reader to form 
his own opinion as to their respective values. The same observation will apply to those 
foreign works which are most worthy of the attention of the student ; and it need hardly 
be mentioned here, for the humiliating fact is sufficiently notorious, that it is to these ex- 
ternal sources (hat the student in na>'al architecture must address himself, if he intends to 
make himself fully master of all the higher questions in his prof(*ssion. The following 
pages have been wtitten with the ho|»e that they may in some measure obviate this neces- 
sity ; and although at the same time some things in them may l>o new, and the illustrations 
of some already established principles condensed, it cannot be supposed that so limited a 
number of pages contains sufficient to preclude the necessity of a more extended and juried 
study. The utmost that the present Treatise can pretend to, and lUl tlpit the author hopes 
to have attained, is, first, that it may be considered as a synopsis to tl»e theory and prac- 
tice of naval architecture ; and, secondly, that it may be the means of attracting more 
attention than has hitherto l>ceii paid to this interesting and useful branch of science, so 
indispensable to the pros|>eri(y ns well as renown of the nation. 
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Jniroduftnry Oftservations. 

IniKxfu^ That pTofonnd thinker, Sir Waller Kalcigh, has left this 
aphorism on record, “ Whosoever commands the sea com> 
^ mands the trade ; whosneviT commands the trade of the 

t»f 8>T\S^1- commands the riches of the world, and consequently 
ter'uslchjb.dic worhl itself.*' The lime lias passeti by in which the 
command of the seas either can or oii^lit to he maintained 
according to the iqiirit in which Sir W'alttT Kalcigh framed 
this aphorism. Still the principle it is intended to enforce 
i* as essential to the wellbeing of England now a.s it was 
then. We rejoice at the liberality of international commu- 
nication, and of the |>ditical relations which distinguish the 
present age. Wc do more ; we ferv«»nl!y hof>e that the 
same spirit may increase, even until all national distinc- 
tions and natUHial divisions shall vanish before iu Yet we 
cannot but rt'mcmlK'r that it is with nations as with indi- 
viduals. Interests may clash, quam.'is may arise, and the 
fHendshl|)« and the kindly feelings of io-<iay may be suc- 
ceeded by the dissensions and the feuds of to-morrow' ; ond 
therefore, even in the midst of a peace unexampled for its 
heartint'HS, amt for the good faith which a|qmrent)y {kt- 
vadcs the councils of the nations of Euru|H-, we cannot w ith 
wisdom neglect those moans of defence which have hither- 
to preserved our land inviolate. 

The aphorism of Sir Walter Italeigh is of general ap- 
plication ; but to an insular jiowcr, and which can only be 
reckoned of secondary rank in the scale of ruitinns, in os 
far as siae and population only are involved, naval pre-emi- 
Oomtinen- nence ta essential to its inde|>cn<iencc. An eminent statea- 
t»l nAvai baa lately most forcibly urged upon the continental 

puhey. 

nations of Europe this aH-iinportant fact, that tl)e command 
of the seas when vi>5tcd in an insular |x>wc’r, gives her despo- 
tic authority over the nations of the earth, because she is 
herself invulnerable. He proceeds from this position to 
the conclusion, that (he interest of Euro;»e renders it im- 
perative, that since the sceptre of tlie seas is at present held 
by an inHulor power, it sliouid l>c wrested from her gros{>, 
and bestowed on another, which, by l>eing continental, must 
be vulnerable on her land frontier, and cannot therefore be 
dcs|K)tic in her naval rule. Tims far does the conlinenlul 
writer pursue the argument, because thus htr only are the 
interests of continental nations concerned ; but for us there 
is yet another induction to he made ; it is this : The same 
cause which invests an insular pouer with universal domi- 
nion as long as she can maintain the sovereignty of the seas, 
must divest her of all power when (Iiat sovereignty is lost ; 
she falls at once from her high pre-eminence ; first on the list 
of nations, to rank among tlie secondary |iow-rrs; for the 
fk*a, her imjwcgnttble fortress in the one ca.se, becomes a 
barrier to Iilt enterprise in the other. It would be no dif- 
ficult task to prove, from the history of Euro{>c, lliat Uie in- 
fluence of England among the nations has increased or di- 
mini.shed in pro[>ortinn as her navy has been fostered or ne- 
glected. 

it is strange, that w'ith such a tremendous stake at issue 
as national lndc}K‘ndence, it should be }x»s6iblc to write, and 
to write with truth, that there have been pi>riods in our his- 
tory', during which the navy and the navid resources of this 
country have been suffered to decline. The naval sceptre 
lias mure than once trembled in our grasp : wc trust the 
time is far distant in whicli we may again wield it in anger ; 
but should that time ever ariivc, the struggle must be des- 
perate, because the powers of Kuro|)e have been taught that 
our naval pre-eminence places their destinies in our hands. 

Id coiiDcctioD with the occasional neglect of her naval 



resources, is another strange anomaly, namely, tlwt England Introdue- 
has kss than any otlier maritime power encouri^icd the ap- tk>n. 
licatinn of the exact sciences to naval architecture. She 
AS not to this day one original truly scientific treatise *’** 
the siibji'ct in her language ; and, passing by some few «:1ciiti- 

pors and tracts of modern limes, she can only cite the w ril-Cc treatis*.** 
logs of nne<lucnted and unle^urncd men, as ^fungo Murray, onnaralar- 
Hutchinson, and Sralkart,again>tthiii<A.' of such name* os the ‘^kiucture. 
Bernouins, Kuicr, Chapman, Dun Juan, Bouguer, Clairbois, 

Homme, and a host of others. The istahUshment of a school 
for naval architecture at Portsmouth has been directly and 
indirectly the means of diffusing much knowledge on this 
important subject, imd the result has bc*cn a very consider- 
able inqiruvenient in our ships of war, so that latterly they 
may perhaps fairly claim equality with those of other nations. 

It is perhap principally in her merchanl-sliipping that Eng- 
land now suffers from this neglect of'seimee. 

It is a recognised principle tlvat demand creates supply, 
and tlKTcfore wc may prt^iinc that in England there has 
been no demand, such as would eneimragc men of K<*iimce 
to fumi.-h forth the supply. It is not irrelevant to the sub- 
ject of this article to trace out the causes which haVe 0 {>e- 
rated to this effect ; they must be made know n to. be re- 
moved t and it is in vain to urge iin[)rovement if there be 
any insuperable b.ir to its progre.NS in operation. And again, 
it cannot lx; irrelevant, in an article on a national subject, 
ami in u national work, to pursue the inquiry to its end, the 
more so as wc tx'lieve the task w til lead us to the conclusion, 
tliat, however harmless hitlierto this state of apalliy to im- 
provement may have been, tlie time has now arrived when 
Its continuance will be dangerous to our naval pre-emi- 
nence ; for through it, to quote again from Sir Walter Ua- 
Icigli, wc may lo-e ** the coiiiinand of the trade of the world, 
the command of the riches of the world, and consequently 
of the world itself." 

The preslilection for the sea, and for a seafaring life,Erie]i4i 
U'hicI) is proverbially gencTal (hremgbout the piqmiation ofprcdih<w 
England, rieiy most probably be traced to un early period**"" f"* 
in our history, when, after the Norman conquest, for a long 
p<Tiod of years, both shores of the narrow' »ea» were under 
one rule, and the nobles of tlic laud had |x>S(»cssioiu$ on 
eitl'.er side of tlie Channel. This, and the constant inter- 
course kept up hetween England and her armies during 
the long sulm.'quent wars, must have trained a hardy race 
of seamen, and have made passages by sea familiar to the 
entire population. The impression once giveti, the faeili- 
lic'S affuided for maritime adventure, by the great comjtara- 
tive extent of our coa.st, and its ntmibcrlcsa harbours, were 
quite sufficient to mainuun it. Our insular situation wiil nut 
alone account for our love of naval enler{>risc ; otherwise a 
similar predisposition would be general with tlic inluhiiants 
of IslamU, whereas wc 6nd a most remarkable instance to 
the contrary in Ireland, a country pos^iicsAed of even more 
maritime advantages than England; with a more indented, 
ami therefore a more favourable coast, with proportionally 
larger rivers, and with many lakes of great magnitude in the 
interior. This predilection of our population for the sea lias 
hitlierto enabled us most triumphantly to maintain our naval 
pro eminence, even against the known and acknowledg- 
etl advantages of superior shi])s ; fur it is universally ad- 
mitted that the naval powers of the Continent Ivave, through- 
out their struggles w ith us, been possessed of superior classes 
of vesK.‘K in many respects, to those which we have em- 
ployed against them. 

It U a question for serious consideration, whether wc are 
sure, tliroughout the future, to be able to contend with equal 
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luccctt should we labour under similar disadvantages ; or 
whether there are causes now in operation wliich may ren- 
a favourable result questionable ? 

Suteoft'ie In pursuing our inquiry into the present state of the 
tbrary of theory of shi|», and particularly as if is applied to our mer- 
cantile navy, we sliall arrive at an answer to this question. 
It certainly does not necessarily follow, that becau'^e our 
vessels of war have been inlerior to those of other iiations, 
our mcn:hant-shi[)ping should be in a similar position with 
resficet to Uicir mercantile navies. 

Ia>« of The merchant princes of England, with tlieir boundless 
mcrclmt- wealth, proverbial generosity* and pcran’vering enterprise, 
ship* from • • • • • ‘ ... - . 



»hip« li 
defertire 
rtmstruc- 
tjun. 



might surely have attracted the attention of men of science 
to the improvement of their argiwies. That they have not 
done so is indisputable : the startling Oict, that one ship and 
a half is tile average daily loss registered on the books at 
IJoyd’s, ajqiears as a sad cT,rrobnration of the acknowhalged 
truth, tiuit the mercantile navy of England is the least 
apctnly and the most unsafe that belongs to a civilized na- 
tion. Several causes have combined to produce this result, 
and to clieck any improvement in our mercliani*ships. These 
it will be our object to explain. 

Reasons for During tlie late long war, when our fleets sw’cpl the com- 
iheir infe- merce of the other nations from the seas, almost the wivolc 
tralhc of the world was in our hands, and the carrying 
trade wus share<l only by the Americans, their neutra- 
lity obtaining for them the same advantages that wc com- 
manded by our {vower ; but at the peace the seas were again 
free to the shijis of all nations, and that which had been fur a 
long series of vears almost a monopoly, was thrown open to 
competition, it might naturally be inferred that this would 
operate injuriously to us; yet the rpiestion cannot hut arise, 
why, with ail (he advantages of possession of die ground, 
of connection, and of stuck, wc have been, and still conti- 
nue to be, supplanted by other maritime nations ? We 
have not only hwt much of tlic carrying trade for foreign 
merchants, but even English merchants find it for their in- 
terest, as individuals, to employ a great proportion of foreign 
shipping, to such on extent indeed, that nearly one half of 
the coiiinierce on our western coait Is carried on in Ame- 
rican vessels. It may be urged against these statements, 
that the statistics of our mercantile navy show an increase 
in its numerical strength. This may be odmittoil, and the 
force of the argument remain the same ; for it is not found- 
e<l on its jioftitive increa.se or decrease, but on its relative 
increase compared with that of the mercantile navies of 
other nations. 

IMirinishril That there should have been a diminution in the demand 
«l«fnan<l for for nur shipping at the conclusion of the war, is a necessary 
inir tliip. consequence of the many causes of the employment of shifis 
w hich belong only to a stale of war ; besides which, as in 
titive of peace the delays occasioned by waiting for convoy 
are avoiilwl, the time exmmde^l in the voyages is sJiorter, 
and ihcTefbre a less mmiber of ships is required to |KTform 
the same quantity of work. Wc have, however, sufl'ered 
more than tlie proportion due to these considerations, which, 
it should he remembcreil, must also, in a lesser degree, have 
operatetl to check the progress of the American mercantile 
navy; however, it is this navy which is principally supplant- 
CauBrd by ing ours. We cannot evade the conclusion, that the reason 
for thU must be found in the inefficiency and inade<]uacy 
vioursbipv. jjf ships tliemselves, and lliat the absence of all improve- 
ment in our mercantile navy has placed it in this dia^van- 
togcoiis position. 

8bi|M Mil. During the w>ar, almost the only colonial supplies which 
in;; ill cun- could reach the continental powers w ere those plundered 
by tlieir jirivatecrs from the ringlish merchant. The only 
safety to the English merchant-ship was in sailing in large 
convoys, in which the velocity of the whole fleet was ne- 
ceSMirily regulated by that of the worst sailer. It wa.s there- 
fori- of tar more imjiortance to the merchant who had few 



opportunities for adventure, to choose those ships which Introdwe- 
would carry a larger quantity than those which were pos- 
sessod of a quality, velocity, ol* which they could not avail ^ ^ 
tliemselves. This operated as an effectual bar to all iui-Tonsage 
provemenl in the forms of our mercantile sliipptng, for itl*w^ 
caused the absurdities of the late law for tonnage to remain 
unnoticed for a scries of years ; and when at length tlieir Tbeir inju- 
injurious tendency was jverccived, it was not until they had nous opc- 
become so ct>mplele!y identified in men’s minds with ships ^*^*®“* 
themselves, that years mure were suffered to elapse before 
it w as clearly made manifl'St, that the cause of the inferiority 
of the sliipfiing was the absunlity of the law. Years more 
must yet elapae liefore the mercantile navy of Britain can re- 
cover from the state to which these laws have reduced iu 

Whitc English merchani-sliips were restricted to sailing Anieriran 
in convoys, the neutrality of the Americans enabled their sbipt sailed 
vessels to sail singly, and consi.'qucntly it became imtnedi-^^ly* 
atcly desirable to attain the greatest velocity which was con- 
sistent with a due portion of the other requisite qualities for 
a merchant-ship ; there was therefore virtually a premium 
on improvemeat. Thus the peace found America in posses- 
sion of an immense commercial navy, which, on an ave- 
rage, could perform iU passages in one third less time than 
our own ; and although this is necessarily attained by some 
sacrifice of capacity, the result has shown the sacrifice to 
have been judicious. The peace also found America in 
possc'ssion of ship-builders who had made the improvement 
of the qualities of ships their study. She Uiercforc w as not 
only in (lossession of a better mercantile navy, with which 
to cotn;>ete with us, but she hod also the vunloge-ground of 
superior knowledge, and a for more extended experience, 
from which to start for the future competition- What won- 
der, then, that w c have fatUxl in the contest ? The wonder 
should rather be, that we are not wholly driven from the 
field. Similar injurious causes o|)erated against the English 
shipping in comparison wiUi tliat of several of the maritime 
powers. Convoy was no safety to their sliins of traffic, rinceconvoy no 
thifir ships of war found no safety for themselves. Thcufrty tu 
only chance for escaping our cruisers lay in sailing singly, 
os less likely to attract observation, and in trusting to their 
velocity if observed ; besides which, the noriherii nations 
of Europe have long been possessed cd* a very siq>erior class 
of mereantile shipping, the result partly of the advanced 
stale of the know U-dge of the science of naval architecture 
among them, and partly also of this custom of sailing singly 
on long voyages even amidst all the dangers of war. It 
cannot be a matter of astonishment, thm-fiire, that when 
the seas were once more open to ships of all nations, tlie 
foreign mcrcimnts, wliom absence of commerce had impo- 
vcrisiied- should choose those which would Uic soonest al- 
low of a return of capital, and at the same time diminish 
the risk of its losa ; for it must be remembered, that the 
safety of a ship is not only dependent on her powers us a 
sea-hoat, but is in inverse projiortion to the time she is ex- 
posed to the dangers of tlie sc^os. Again, if tlic foreign 
merchant thus preferred the foreign imip to tlie British, 
surely that c'ompctition, w liich is tlie very spirit of commer- 
cial enterprise, must of necessity have impidied the British 
merchant to pursue tlie same courae ; for it could not be a 
matter of indifference to him whether his goods should be 
the first in the market, or should arrive wlw'n that market 
was glutted. 

The present modification of tlie tonnage laws Is compa- Present 
ratively liarmlcss, but Uic leaven of the old law remains. timna^ 
England pofi&eas(>!i upwards of two millions and a half of ton-luw. 
nage in infcricH* shipping ; and the merchant-builders of Bri- 
tain, reared under the baneful influence of tliat law, are, with 
a few lionourable exceptions, unequal to the ta.sk of compe- 
tition with the more educated and more practised foreigner. 

Tlie tlieory of ships is, even by those who arc the most in- 
structed in its principles, yet conside^^^l in iu infancy ; it 
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lliitorf. can only be matured by a free and impartial encouragement 
of the application of Uic exact science* to the improvement 
of naval architecture, and by the total abolition of all laws 
oftbetbwv'^^*^^ can, directly or indirectly, limit the aspirings of the 
ry of kbips. merchant-builders of England in their competition uiUt fo> 
reigners. *The writer of tliU article believes lliat England 
scarcely ever committed a greater error than when slic first 
determined the existence of a law lor levying duties ac- 
cording to tonnage- 

Error in We may here advert to a most striking example of the 
ba^ng re- effects of the removal of this check, in the matchless ex- 

on Ai^' yachts of England, and may therefore not 

buildii^- tinfairiy presume, tliat the same skill which has already ex- 
alted one c]a.<» of vessels beyond competition, might, under 
similar circumstances, attain the same comparative excel- 
lence for another, aiul that our mercltant-sht|w may yet be- 
come as unrivalled as arc our yachu. He the law of ton- 
nage founded on weight, on bulk, or on dimensions, in each 
and every case it operates as a check to the most important 
Ship* to manufiicture of the country. There Is evidently nothing to 
tram •€«- essential to England as that she should posse^s a large ma- 

"***” ritime population t and this can only be insured by the pre- 

ponderance of her mercantile navy, which, again, must in 
England. be completely dependent on the qualities of tltc ships 

that com)M)se it. 

It is obvious, that while the effects of a lung, and solid, 
and, wc believe, hearty peace, amongst the elvilixed nations 
of llie world, are to increase the wealth of all other nations 
as well as our own, and with their wealth to increase their 
sliipping, it becomes a serious national duty on the part of 
our rulers to frame such laws as may insure to us the van- 
tage-ground we ]>ossessed when |>caec cnolilcd all alike to 
start in the race of improvement. That we may have free 
cxCTcise for onr skill, capital, and enteqirise, we must not 
be cram|>ed by abstird laws as to the tonnage and sailing 
regulations of our ships. These impediments should evi- 
dently be removed, in order to place us at least upon equal 
terms with our com^ietitnrs. 

We do not pretend to arrogate to curselve* th.it com- 
mnmi of the seas which was intendetl by Sir Wjilter lU- 
leigh. The days when fiects were bound (u lower topsails 
at the bidding of a single [wnnant have, hs|}}>ily for the 
wellbeing of nvinkind, long passtsl away. Uut we do say 
that the end and object of all Uritish policy should he to 
insure such pro)>onoerancc on the seas, that if, amidst the 
changes which we almost daily sec occurring, and which 
make the possible advent of war no speculative imagining, 
one sliould arise to plunge Europe again into strife, Eng- 
land may not be found wanting in practised seamen. I'his, 
we believe, can only be assured by her possessing a mercan- 
tile navy, compooed of ships the good qualities of whidi w ill 
insure for them a large nro|xirtionale sliare of the carr)'ing 
tratle of the world. In smrt, we believe, tliat, to insure for 
our military navy, in times of war, successes triumphant as 
heretofore over every sea, it is cssenltal that our mercantile 
navy should, in these times of peace, crow d every |x)rt. 

It ia in order to advance tliis cau.se tliat we shall endea- 
vour to set in a clear point of view* the several diffiadties 
which occur in the study of naval architecture j and wc feet 
no doubt whatever, that if the principles of construction 
which we shall endeavour to explain Ik* duly attended to, 
and the study followed up in earnest, the results will prove 
their correctness, and that the mercantile navy of England 
will become as unrivalled in its excellencies as are almost 
all the other productions of the skill, talent, and enterprise 
of this favoured land. 

Hise and Progreu Nneal Architeeturf among the JNa- 
tiont of Antiquity. 

In tracing the progress of naval architecture among the 
nations of antiqviity, in order to connect it with its advance 



in more modem times, we shall cite the chronological di- History, 
visions adopt<‘d by that indefatigable investigator Charnock, 
in his valuable History of Marine Architecture, because 
they present a very succinct idea of the probable rise, pro- ^[divU^ 
gress, decline, and revival of the art, and ihcTcfure oBit a jjotii. 
valuable guide iur investigation. It would not be consist- 
ent with the pur|X}se of thi.s article to enter into the detail 
that would be nect'ssory to ascertain the state of naval ar- 
chitecture during the periods enibracecl in each of the sec- 
tions he has a&'igned to this subjecL We shall confine our- 
selvc* to the statement of some few facts, collected from 
various authors, in illustration of tlic probable size and na- 
ture of tiic ^liftping of the ancient world. We shall also 
endeavour to trace w hat little is known of the mile vessel* 
which, during the darkness of the middle age?^ bore the 
marauders ot the northern nations on their predatory ex- 
cursions : in which tliey carried desolation and miiiery 
througliout tlie coasts of Europe, and, w hile they rooted out 
the last relics of ancient civilization, laid the foundations of 
empires which were destined, in tJieir turn, to civilize the 
world. With Cluimock’s sixth section, inclusive perliap* 
of some few years at the close of Ids hftli, the naval history 
of Britain commence* ; and during the pt rind embraced 
lictween that date and the present time we must gradually 
become more diffuse in our detail. 

Charnock divides maritime history into seven sections. 

The first coniiireheml* the time previous to tJie foundation 
of Home, until w hich, he says, all history is founded on sur- 
mise. The second section comprises a period somewhat 
less obscure, in wliich tlic collateral testimony of various 
aullioni may be examined and compared ; and liierefore there 
certainly supears less difficulty in ascertaining facts. It ex- 
temU from tlie foundation of Home to the destniction of 
her rival Carthage. 'I'he termination of the third is at the 
conversmn of the republic into an eninire, an era when the 
want of noval enemies to contend wtlli rendered tlie main- 
tetuuice of a flict, as connected with the pros(H'rity and 
siitiDty of the Slate, a wnslderalion not only of seiDiKlary’, 
but immaterial eonsequcnce. The death of Charlemagne 
ends the fourth c|x>ch. llie fifth extends from this period 
to the discovery of the mariner’s compass. The sixth ends 
with the discovery of cannon ; ond their uduplotion to naval 
warfare commences the seventh epoch. 

It will avoid much useless repetition if we premise our Ancient 
invcstigalinns on the state of ship-building among the im-vbipping 
tion* of antiquiiy, by the observation that their Heels, who- 
ther for war or for coramerce, appear to have consisted al- 
most entirely of vessels whose principal mode of propulsion ^ 
was by the use of oar*. It would be foreign to the object of 
the present article to enter into the useless and perplexing, 
though most enticing question, as to how tho^e oars were 
ap]>lied in the trireme, quailrircmc, and quiinpiireme, nay, on 
tlie authority of IMutardi, even to the extent of fifty distinct 
banks of oars. It is |Knsiblc to conceive many methods in 
wliich the benches of the biremes, and even of the tri- 
remes, may liave been disposeii, which would enable the 
oars to be plied with ease and advantage. But the vast 
combination implied by tlie fifty banks of the galley of Pto- 
lemy Philopater has as yet received no solution, unless it 
may be that suggestcil by Mr Hotwei) in his Essay on the 
War Galley* of die Ancients, which we shall therefore, in 
the absence of all certain data, adopt. I le imagines tliat the 
banks of oars must Imve been arranged obliquely up the 
sides of the vt'ssel, as many oars in each bank as nuufd ad- 
mit of tlic highest being rower! with facility ; then each ad- 
ditional hank would only require additional length in the 
vessel. Thus the galley of Ptolemy Philadelphus might 
have had forty, and that of Ptolemy Philopater filly, of these 
oblique ascents of oars, and yet need not ncct'ssarily have 
been higher out of the w ater than the ordinary tpiinquireme. 

It sliould be stated, that the triremes s(x.>m to have been Uie 
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ITirtorr. limit of practical utility in the disposition of the oars, as 
U)cy appear to hare been most uMially adopttHl for Uie pur- 
[x>ses of war. 

In tracirp the recortU of the sizes of vcwcla, wo find, 
on the autiiority of Thucydides, timt the Grecian fiotilta. at 
the siege of Troy, about I lh4 years b. consisted of 12H0 
vessels tlic largest of which contained not mure timn 1^0, 
tile least fifty people. He also expressly bays that Uiey 
were withtmt deck^ These were therefore mere open row- 
boats or canoes. 

First naml A great improvement on these must have been made in 
bulk. the fleets of the Coreyrian* and Corinthians, between whom 
took pluc^ the fmst naval little on record, and which oc- 
curred alKnit 6oU years before Christ ; because at tluit time 
it a|ipcars the arrangement of tl)e oars in banks luul been 
Introduced. 

Sail* «vi- We may perhaps infer, from a statement made by Tlm- 
(U-iitly little cydides, that ii»ese vessels were not odanled for carrying 
anv large |>ortiun of sails, as they evidently hod little if any 
b.i|jut. lU- says (book i. cha}>. 50), The ('urinlhians, 
when their enemies fleil, staid not to fasten the luills of tlio 
galleys they had sunk unto their own galleys^ that so they 
might tow them al\er, but made aCler the men, rowing up 
and down to kill rather than to take alive.*’ The vessels 
S|)okeo of as sunk were evidently merely stove in and wa- 
ier-U>ggtd. 

Inventors I leredritus, Thucydi(le!^ and Diodorus agree that Ami- 
of the iri- nodes, the “ shipwright of Corinth,” was the inventor of 
feipe* and trireme, al>out forty years previous to this battle. The 
invention of the quinquircuie is generally attributed to the 
Carthaginians. 

At tin? Iiattle of Salamis, 4S0 years a. c., on the autho- 
rity of Plutarch, the largest Grecian vesicls carried only 
eighteen soldiers, exclusive of the rowers, and those em- 
ployed in nunanivring the vessels. In the fleet of Mar- 
Mafdauiiis. doniiis. crowded as it must have been by a force collected 
for the puqpise of invasiun, we find that, on a comparison 
of the nunilM»r of sJiips los.t by tempest and the numltcr of 
men drowned, the average Is only sixty-six men to each ves- 
sel. ThU fleet consisted of 1200 galleys, and 2U0U hulks 
of the “ round m.anner of building.** 

'I'lic whole of the Grecian vessel* Biq>ear to luive been 
only half-decked ; the soldiers were stationed on platforms 
at each extremity, the middle or waist being left open fur 
the rowers. Cimon, the celebrated Athenian commander, 
wo* «p|)ttrently the first to join the^e two platforms with an 
intcriuedi.ite flat, and Utu* to ibrm a perfect deck, for the 
piiqHMe of op{)o&ing a stronger armed force to the Persians. 
This innovation took j^Ktee preparatory to the battle of £u- 
rym*don, a. c. 470. These decks were hatches to be re- 
moved at pleasure. The rjuinrpiiretues appear allcrwards 
to have been always thu.s hUed, the quadrireines and bi- 
remes only occasionally ; and ail below the»e in size were 
o{M.’t) boats. 

Proru the rapid preparation of armaments of most im|xrs- 
ali^Lt build, ing force, in oa far as numbers of shipping are concxn’ncnl, 
an<l also from tlic fact of the ease with which the vessels 
were iran.^norted by land, we must infer that they were of 
bat small dtmensiomi, and of very fragile construction ; and 
though oceasioruiUy we find that labries of large size were 
constructed, it was evidently, from the gorgeous descriptions 
which remain of them, more out of ostentation tluiu from 
any anticipation of their utility. 

Fleet nf The vessels composing the fleet of Alexander the Great 
b'tarcbus. in his Indian expedition, and in which Nearchus performed 
his celebrated voyage, were row-galleys of such moderate 
dimensions that, in the course of the voyage, they were fre- 
quently hauled on shore ; and altliuugh we find, by collat- 
ing the number of vessels and the number of men conqws- 
ing the expetiition, that there could not have been more 
than fifty or sixty men on board each vessel, tiicir occom- 
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modations were so poor that tlie journii/ lakes notice of the Iliitor/. 
inconvenience experienced by tlie crews frtwn being obliged 
to remain for two consecutive nights on board. Purclias 
gives the detail of this voyage of Nearchus, on the autlK>- 
rity of Arianus lib* viii. 

To po.ss to the Cartliaginians, a people of great ctimmer- Cartbagi. 
cial enterprise and importance, and who inherited their nau- ”i*^**- 
tical knowledge from Uieir progenitors the Pha'nicUns, of 
whose commercial wealth history, both sacred and profane, 
gives repeated evidence : Ezekiel (cltap. xxvii.) say* of 'ryre, 

It is situated at tlic entry of the sea, is a merchant fur many 
isles ; its ship-boards are of fir-trees of Senir, their masts of 
cedars, their oars of oak of Baslian, their benches of ivory, 
their sail.* of fine cmbroidcrcnl linen. \Vc find that the Vovwcv of 
Carthaginians must at a very early period of their history IJafuio. 
have |H)sses*ed vessels of considerable magnitude; for in 
the journal of the much though unju>tly disputed voyage of 
llannu, which Clark, iu his History of Maritime Discovery, 
places at 350 b. c., but which by some historians is said 
to Itave taken place as early as 1 bill) u. c., sixty sliips afford- 
ed accommoibrinn fur 3(^ObU tiouls, including women and 
children, and this, too, with all the stores and requisites for 
colonization, w hich was the main purport of the enteqiriae. 

The little we know of the Carthaginians, we know through 
their implacable foes the Uutnaiis ; ami os the Human fleets 
were htiilt after a Carthaginian model, we may fioss on to 
investigate the few certain particulars w e can collect of the 
Komaii shipping ; though, in doing ao, we must not tussume 
tliat we lire in {wssesston of the extent of the state of naval 
science among the Carthaginians. All that the Homans 
adoptixl from them was their war-galley. Tlicir conimerce, 
and conseipiently their commercial vessels, were alike de- 
^isuxi by this predatory slate, which then lived almost solely 
by the sword. 

Charnock, on Uic aulbority of Meibomius, has given the Rnmnn 
following as (he dimensions of the Homun trireme andslopp>>'g. 
quadrireme. The triremes were 105 feet long and eleven 
feet hroid. The quadriremes were 125fcct long and thirteen 
feet broad. The irirenu**, after the time of Julius ('star, 
were ninety feet long and ten feet broad. These ilimen- 
siotis have a much greater com|>arative length to breadth 
than the propurtitms luioplcd for tlic Neapolitan and Maltese 
galleys of mure inodeni times. In them the length scldocn 
exceeded soven breadths. According to Vuiwius, w ho ts also 
one of the most voluminous writers on the .subject of the 
shipping of the ancients, these Neapolitan galleys were ca- 
llable of |K*rfbnnitig voyage* by the oar of sixty leagues in 
twenty-four hours ; and the distance from Naples to Paler- 
mo has been performed in seventeen Iwurs. 

Carsarhim«elf gives us a good critcnun of the size of thec^asar'* tc« 
Roman vessels employed by liim in tlie invasion of Britain ; count of tbs 
for he says that they were so large that they could 
approach near enough to Uie shore for the soldiers to dis- 
embark, but that tiiey were obligetl, encumbered as they 
were witli their anus, to jump into the water, which was 
bn»a.Ht iugii ; and lltat at last the galleys w ere ordered in be- 
tween these larger vessels and the shore, to protect the dis- 
embarkation. 

^Vhc^ we consider the dimensions above quoted for the First Ro. 
Roman navy, it does not appear that there U necessarily nun Bevt. 
mu(h exaggeration in the acoxmts given of the wonderful 
excitions made by that people to |>reparc their first mari- 
time force. Sixty days after the axe was lud to the root of 
the tree, 160 galleys according to some accounts, 100 ouin- 
quiremes and twenty biremea ac'cording to others, rode at 
anchor in the sea ; the quinquiremes each manned by SCO 
rowers and 20U soldiet^. Polybius states tJiu Roman fleet 
at the time of the first Punic war to have consisted of 330 
shijis, each containing 300 rowers and 120 soldiers. If we 
compare tlic small numbiT of vessels which the might of 
Rome put forth at litis time, w hen her very cxUuucc de- 
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nUtxiry. pended upon ibc tuccns of her naval crxcrlions, and ihcn 
contemplate the enormous nutnerical force of Uic Hcetii of 
the petty Grecian stateii, we may form a very cornt’t jutlj;- 
n>ent of tlic nt'cessarily comparative insi^iBcance of the 
vesM.'ls whicli cumpi»9:c<l th«^e more early naviea. 

CU««et of Homan »hip« were divided into thrt*e clasie* : the 

Shio^' langxi:, or sht(>9 of war ; iJie wtrrs ottrrtmtf^ or vhip* 

^ of burthen ; and the navet liburtta-, which were »!uj>a built 
expressly for great velocity, and may be '4H|»f>oH-d to have 
t>een uicd as (lespatch*hoats and fur making |u»»agea with 
ini|>urtant pcraonageii. There is reyK'ated evidence to prove 
tltAt thc!ic veiseU were invariably built of pine, cetW, or 
other light uoud^ excepting about the bnns, which were of 
oak, strongly clumped uud strengthened with iron or bnis-s 
in order to witlistatid the shock of opposing vessels; the 
tactics being comprised in the attempt to sink or damage 
the enemy's vessel, by violently pro|H.’lIing this armed bow 
against Ute weaker brutulsidc of tlie cne^y, or else endea> 
Oak first vourlnc to bn>ak am! cripple the oars. Oak was first aj>- 
usedin plied to ship-building by the Veneti. This we have on the 
fhip-huiW* testimony of CVsorin bis treatise J>t lUlbt GuUtctx, lib. iih 
ca|K l;3. Cop|>er or brass was introduceil for fadiiungs, in 
‘ ctmsetpience of the quick corrosion of tlie iron, alicnii the 
time of Nero. This is stuteifon the authority of Vegetius, 
Caulking, and also of Athenaiis ; annPItny mentions tlut Hax was 
UM'd for the puqxise of caulking the seams of the plonk. 
Exhuma- The follow liigiptotalion is from Ia>cke’i History of Navi- 
tumufft gatuHi: " Sliealhing of ships is a thing in appearance so 
Ronwn abwhitely new, that scarce any will doubt to a-K^e rt it alto- 

‘ gethcr a modem invention ; yet liow* vain this notion is, will 

soon ajipear. lam Haptisti Alberti, in his l>ook of Archi- 
tecture (lib. v. cap. 12 ), has these words : But Trajan's sliip 
wcighinl out of the lake of UIccia at this lime, while I was 
compiling this work, where it liad lain sunk ami neglected 
for above thirteen handmd years; 1 ob^crveil that tlie pine 
and cypress of it had lasted most rcmarkubly. On the out- 
side it was built with double planks, daubed over with 
(vreek pitch, caulked with linen rags ; and ovit all a slu>et 
of lead fastened on with little copper nails. Uaphoel Vo- 
latcrmnus, in his Gi'ogruphy, says this ship was weighed by 
tlie order bf Cardinal Frospero Colonna. Here we have 
caulking and eheatbing together, above sixteen hundred 
years ago ; for I Mip}x>se no man can doubt that tlie sheet 
of lead nailed over the outside w ith copper nails w as sheath- 
ing, and that in great perft ction, the copper nails being use<l 
rather than iron, which, when once rusted in the water, 
with the working of the ship, soon lose tlieir hold and drop 
out." 

Slight as this sketch may appear of the navies of antiqui- 
ty, it embraces an outline of ahiioal all that has dcscendtxl 
to our times. No portion of ancient history is so imperfect 
as that which relates to the shi|qiing, and in none neecs.<»a- 
rily has the historian derived less aid from remains. Even 
the monumental records here full him, as the prow alone is 
scutpiureil on ihetu. 

Prttgrtss of Sa\sd ArrhitfctHre from ihe DotenJaU nf Komf 
to U*t prtstnt Time. 

M'tidle During the many centuries of utter stagnation in all im- 
ages. proveinent which succeeded the downfall of ancient civili- 
zation, it would oppciu* vain to seek for records of the pro- 
Kresoi in naval architecture. ** These were times,” says 
Hyiuer, in llicdedicutioci of the tliird volume of the Ficdera, 

** of great struggle and disorder, all Kiirupc over, and tlic 
diokest period of times.” Althougli it may he useless to 
search for records of the improvement of the means of na- 
vigation during these ages, when thought appears to have 
been banished from the e.xrth, and action to nave been the 
only object of m.in's life, we may undoubtedly expect ilwt, 
in the countries bordering on the K'OS, die spirit of lavul 



enterprise would be peculiarly fostered, as congenial to man's ITiffory. 
habits, or essentia) to his preservation, during a perioti of 
universal aggrt'ssion, confusion, and migration. The north- Nonbem 
ern regions of tlie earth, regions which the ctviUzation of"*huo». 
the south had deemed uncongenial to nun and unlit fur his 
hahilation, appear to have teemed, in all tlicir wild and far- 
»[:reuding districla, with a hardy and an adventurous popu- 
intion, horde after horde of whom |Mnired dovin from tlie 
nurtll-t'u^l in irresistible might, and spread desolation and 
niisL-r)' throughout boutlicm and Western Europe ; while 
from tlie north-wt st the iuinte wide-spreading desolation 
swept away all trace of the incipient civilization of Hrituin 
and of Gaul. Every sea was ploughed by the fragile barks 
of the Scandinavian adventurers, and every sliorc was dc- 
va>tated by their incursions. Dennxuk, Norway, and Swe- 
den sent iluir hardy sons to the c'uasU of tlio (icrraan 
Ocean, the Channel, tlie Bay of Biscay, and even to the 
Metliu-rrancan on the w i-st; while Uie bm'lmriansof the Scla- 
vonian nadons pouivi) down through the Danube and the 
Borysthenes on the east of Euro|)c, the (KipuUtinn of which, 
rcnderetl Ii*eble by the divisions and dissen.-ions attendant 
u{x>n the breaking up of the gigantic {m>wit of Hume, and 
enervated by tlie Svharitc civilization of tlic latter days of 
that empire, perished bineath the arms or bent to the yoke 
of the lianly progeny of tlie ivurth. Tlic Sura<x’ns wrested 
from the descendants of the Casars the remnant which the 
(iutJi and ilun hod spared; and Eurojie became repe<>pled 
tbmughout its limits with a young, a vigimius and an enter- 
prising |iopulation, w lulc the maritime provinces had gene- 
rally iK'en the spoil of tribes inured to the dangers and de- 
lighting in the excitement of nwritime adventure. 

We cannot but be astonished at the indomitable iphrit of Tfcpir m- 
enlerprUe which characterized tiicsc rude times. But 
perlia()S, wliieli is the must extraordinary feature of the 
daring that disiingiiished this (>criod, is to be tracinl by 
the re8uit.4 of its naval ex|)ediLiona, which could not be be- 
lieved, h;Kl they nut lH*cn C'*>tahhhbed on the moot unques- 
tionohle ev idence ; and the whole history of the middle ugi% 
with their revolutions, may be cited in corroboration of 
them. Still (hey had such inqKirUml inHuence on the state 
of Western Europe, that, judging of causes by their clfecta, 
there must ever remain a doubt of our being in pusscs&ion 
of correct information as to the means by which the results 
we speak of were arcomphshed. It is not difficult tn sup- 
pose adventurous men iruslinu themselves to the nH.’rcie« of 
tlie winds and the waves, and leaving the sterile north to 
plunder and colonize more favonreil climates, of Uie exist- 
ence of which their traditions might inibrui lliein. But this 
is not all : there is ample evidence to prove a recurrence 
of such enterprising voyages, their successful uchievemeiit, 
and the sale return of the adventurers, not only to Nor- 
way and the main land, but to Iceland ; a remote s(M)t, which 
might bi> lell, but certainly could not be again re{>catedly 
attained without more knowledge than we ore willing to 
Concede to so remote a {lerioil. 

The navigator of tlie present day, accustomed to rely on Tbrirmn 
the almost infallible aid of tlie compass, tlie chronometer, pwailve 
and the sextant, would pause ere he dared to commit hiiu-*l***'^‘*^^'^** 
self to the boundless expanse of ocean, witli no inure sure 
pilotage over its trackle&s waters tlian be might chance to 
find from tlie a])pearance of the sun or stars and the flight 
of birds. And yet we have no record that these Scandina- 
vian sea-kings knew of more certain guides than the sun 
by day, the stars by night, and such further aid os per- 
chance might be wrested to their purpose, from the varied 
phenomena of nature ; phenomena which may now be un- 
observed, because not needed. 

We read in Furchas's Pilgrims the following account ofVoj-sgcol 
the voyage of Ftoke, a Norwegian pirate, made in the early Hoku 
part of llie tenth century, from Mictland to Iceland ; winch 
be gives uu the authority of Arngrlm Jonas, an Icelandic 
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lu!>toriAn. ** There yet no iwc of the marinrs compawe, 
' wherefore Floco leaving Hletlantlia, tooke certayne raven* 
unto him } and when hee thought hec had sayled a great 
way, he sent forth one raven, which flying aloili went l^ke 
a^uine to Hietlandia, which she saw behind. Whereupon 
Floco perceiving that he was yet necrer to Ileitlandia tiien 
other coiintryes, and therefore cnuragiously going forward, 
he sent forth another raven, w hich, because she could see no 
land, neither before nor behind, light unto the ship again. 
But, lastlv, the third raven was sent forth by Floco, and hav- 
ing for tlic must {urt perfunned his voyage, ilirougli the 
sharpnesse ofiicr quicke sight attayiiccl the hmd.she speedily 
flew thither, wIkmc direction Floco following, beheld first 
tJic eastern side of the iland.” 

The vessels of tl»c Saxon manmders are described by 
Chamock in the following terms ; “ The ketd <d* their large 
flat-bottomed boats was framed of light timber, hut the sides 
and up|>er works consiiited only of wicker, with u covering 
of strong hides. The Saxon boats drew so little water, that 
they could easily proceed four score or an hundred miles 
up tiic great rivers ; the weight was so inconsiderable, that 
they were transp<jrted on waggons from one river to another j 
and the pirates who h.id entered the mouth of the Seine 
or the llhine might descend with the rapid Bireain of the 
Rhone into the Mediterranean." 

This description of the skin-covered boats of tlic nortli- 
em seas is founded on testimony which cannot be disputed. 
And, if they were used by the Northmen on their longer 
voyages it was probably when they purposed incursions 
into Uie interior of the countries they were about to devas- 
tate } but tliat they must have had another and a far superior 
description of vewel, there can be no reason to doubL 

Tlie investigatiuns of tlie Royal Society of Northern An- 
tiquarians at ('openhagen have thrown considerable light 
on the subject of this early navigation, and of the disco- 
v'eries of the Scandinavian* in the west j and we can no 
longer suppose that it w as in these coracle* that frequent 
voyages wi^re mmie to New foundland, and colonies establish- 
ed there, which it a|)pears proved that there were even as 
early as the tentli century. But to recur to evidence which 
if familiar to us. We have the description given by Casuir 
of the sliips of the Gaulish V'eneti. ” Their bottoms were 
somewhat flatter than our*, their prows were very high and 
erect, as likewise their sterns, to bear the hiigenc** of the 
billow* and the violence of the tem|>esU, The body of the 
vessel was entirely of ouk. The benches of the rowerei were 
made of strong beams about a foot in bremith, and fastened 
with iron nails an inch thick. Instead of cables, tlicy se- 
cured their anchors with chains of iron ; and made use of 
skins and a sort of thin pliant leather, by way of ssails, pro- 
bably because they imagined that canvas.s sails were not so 
proper to bear the violence of tempests, the rage and fury 
of the winds, and to govern sbi|>s of that bulk and burthen. 

Neither could our ships injure them with their beaks, 

so great w as their slrengtli and hmines*, nor could we easily 
tlirow- our darts, because of their height above us, which 
also was the reason that we found it extremely difficult to 
grapple the enemy and bring them to close Aght.** .And 
again, speaking of the manner in which these ship* were 
eventually taken possession of : They,” the Konaans, 

** had provided lhcn)sclve* with lung poles, armed with long 
scythe* t w ith these they laid hold m the enemies’ tackle, 
and draw ing ofl* the galley by the extreme force of oars, cut 
asunder tlie ropes UuU fastened the sailyords to the masts; 
these giving way, the sailyards came dowm, insomuch that 
as all the hopes and exi^ctalions of the Gauls depended en- 
tirely on their sails and rigging, by <lepriving them of tliis 
rt’smirce we at the tame time rendere<i their vessels wholly 
umw’rviceable.” 

1 he account proceeds to state, that many attempted to 
eacajiC from tills unforeseen means of aggrt*«siun; hut that 



the wind falling, and a perfect calm coming on, they were History, 
obliged to remain inactive on the water, and were taken ^ 
possession of, one after the other, by the simuhaneou* at- 
tack of several Roman galleya. It would appear from this 
that they were ve**cls only intended for sailing, and that 
since oars were used, from the mention made of seats for the 
rowers, Uiey could have been as very partial occi'ssorie* to 
the sails, or probably even only for steering. Another fact 
U mentioned by Ca.’sar, that tiie Veneti sailed from their 
port to meet the Homan fleet, ar»d several of the vessels 
escaped to their port trom the fleet. This, though not con- 
clusive of the fact of sailing on a wind, is worthy of notice. 

It is probable that it was ships such as these which brought Hennst 
llcngist and Horsa to Fngland about tlie middle of the fifth Horaa. 
century, since it is recorded tfial their force, which cem- 
sisted of 1500 men, found accommodation in only three ves- 
sels. It is hardly to be imagined that the coracles or skin- 
boat* of the northern nations were ever of sufficient dimen- 
sions to accommodate a force of 500 men, witli arms and 
means of active aggri*suon. 

In the course of little nrore tlian a century from the first Dtniili in- 
invasion of llengist and liorsa, England became quietly vmoos. 
subject to Saxon rule; and the prosperity inciitcntal to a 
state of (K'acc made her again a fit object of (wey to new 
hordes of northern pirate*, the Danes. Rut it is uselcM 
to dwell long on these time* of historical doubt and inac- 
curacy. In the words of Milton, “ These bickerings to re- 
cord, wbat more w'ortli is it titan to chronicle the wars of 
kites or crows, flocking and fighting in the sur.” 

At length order once more asserted her right to control Dawn of 
men's actions, and out of order tlie arts and wants of civi-rivili*aii«w 
lization began again to dawn in the newly formed states 
which had arisen from the wreck of the empire* of anti- 
quity. Man then saw tliat peace ministered to hi* com- 
fort, and he turned his thought* to conimeri'c rather Uian 
to the sw'ord, a* a means of gratifying his ncwly-acquired 
craving*. Thus a long period did not elapse before those 
seas, which Kad for centuries been tracketl only by the bark 
of the lawless marauder, bore on their surihee tlie well- 
freighted crafl oftlie peaceful and industrious mii’chaoL 

I'he earlier irruptions of tlie northern barbarians into Rinc of 
Italy had desolated Uic Roman province of Venctla, and Venice, 
driven a remnant of its inlialntants to the refuge afforded 
by the small raarsliy islands at the extremity of the Adri- 
atic. There they are described by Caasiodorus, w*Ik> aasi- 
miUtes them to water-fowl, os subsisting on fish, and steep- 
ed in poverty, their only manufacture and their only com- 
merce being salt. From such humble beginnings arose 
the state destined to connect tlic old world with the new, 
and to lead the van of modcni commercial and maritime 
enterprise. The mercantile prosperity of Venice diffused 
its influence throughout the Uiorcs of the Mediterranean, 
which thus became once again (he nursery of civilization. 

For many centuries Venice was the great school for the arts 
connected w ill) navigation, and her shipwright* and seamen 
were lung the most instnictini in Europe. While the north- 
ern seas were navigated by the Scandinavian sea-kings, in 
their nidr and frail boats, in quest of plunder or of a home, 
ships floated on the waters of the Mediterranean bearing 
the Iwinner of St Mark, which, it is said, were, even a* early 
as the tenth century, of the burthen of 1200 up to 2000 
tons. The vessels, however, generally adopted by the Minii- 
terranenn states, w ere either copies or modifications of the 
ancient galley. 

It is a fact worth notice, that while the continuation of the Mcditerra- 
use of this sp<*cieft of vessel in the comparatively tranquil wa- u**** pdJey. 
ter* of the Sle<litcrranean fostered the arts of commerce and 
navigation, it* introduction into the northern sea*, to which 
it was ill adapted, appears to have checker), in a most re- 
markable degree, the maritime cnterpriH* wliich had hither- 
to so characterized the population of their coast*. It is 
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lli«tor]r. even probable that the burrier thus opposed to commerce 
entailed on the states of Northern and Western Europe cen- 
turies of comparative barbarism. Yet this was effected for 
a wise purpose* by one of the greatest ornaments of the 
middle ages* Alfred the Great. 

Alfred was tlic first ruler of England who clearly under- 
stood that the policy of Britain was rather to prevent than 
to resist invasion ; and the by-gone history of his country 
told him plainly that its military strength was iH>t only in- 
sufficient to awe invaders from its shores, but that all the 
military resources at his command were inadequate to pre- 
serve the liberties of his people. He therefore turned the 
energies of his mighty mind to the task of creating a naval 
force, which shomd be more powerful than that of his 
untiring persecutors tlic Danes. In tliis wc 6ml that he 
succee<ied ; and at length, under the protection of the fleets 
which his genius had created, he was enabled to estab- 
lish tluU frame-work of internal policy and government, 
from the wisdom of which England has even to this <lay 
benefited. It is historically certain that Alfred himself 
siqK'rintcnded the formation of his fleet, and that he gave 
lltc design of vesseU to be superior to those of the Danes. 

ITis ship*. We find that tliese vesacls were galleys, generally row- 
ed with forty oars, some even with sixty* on each side ; and 
that they were twice as long, deeper, nimbler, and less 
“ wavy" or rolling, than the ships of the Danes. The in- 
frinnatJon on this subject is obtained by Seiden, from a 
Saxon chronicle of the time of Alfred, which is in tlic Cot- 
tonian Library'. 

nnsmsfor It should be remembered, that when Alfred thus intro- 
diiced the Mediterranean galley into these northern seas* 
his object was not so'much to form a vessel adapted for the 
pur)K)M.* of navigating those seas, as to obtain one wliich 
would afTurd space for a large force of figliting men. For 
tJiis tlic galley was admirably qualified ; and indeed it main- 
tained its place as the appropriate ship for the purposes of 
war, until the invention of cannon rendered other arrange- 
ments necessary. 

THdr sue* The immunity which it insured from the attacks of the 

cvM. Danish nuu'audcn, caused its general odiqition along the 
coasts hitliirto open to their incursions, on all of which it 
tlius superseded tlie sailing vessels that we liave already 
describe ; and we shall find that voyages which, iimil Us 
introduction, were boldly and successfully achieved, be- 
came of rare occurrence and of hazardous issue during the 
sub«ef|uent ages, until the galleys unce again gave place to 
sailing vessels. It also gradually checked tlie enterprise 
of tlic Northmen, by the curb which it placed u^xin their 
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Saxon rule, h i$ not our purpose to give more than a slight sketch of 
the naval history of Britain through the line of licr Saxon 
princes t for wc can discover little data on which to found 
any speculation even, as to the progress of naval architec- 
ture during these ages. W^c know tlmt the galley of the 
Mediterranean continued to be used for the defence of the 
coasts; and tlic policy* of Alfred appears to have been well 
understood by many of his successors, — that England only 
enioyed peace from invasion when her fleets were ixiwcr- 
ful enough to repel it from her shores. We are also led 
to suppose that the use of sailing vessels was not wliolly 
abandoned ; for in the reign of Athelstan, the third in dc^ 
scent from Alfred, as we read in Hackluyt, it was decret'd, 
tliat if a marchant so thrivetl* that he passc<l thrise over 
Uie wide seas of h'is owne craft, he was thencefurth a Thcin*s 
right worthie.” 

Mercantile This establiidics two rather interesting facts : one is, that 

shif^Hng. so early a |H:riod of our history there were merclianls of 
importance enough to engage in such a traffle ; and the other 
is, that from the richness of the reward held out to sticcess- 
ful entcriM-ise, we are enabled to estimate the difficulty of 
tlic task assigned. We may assume that these long voy- 



ages were made in ships more adopted for the purpose than HUuwy. 
galleys ; in fact, in the vessels which the galleys Wl been 
intended to supersede. But the spirit of maritime enter- 
prise had, as we have said, evidently received a check, since 
w'e see that one of the highest rewards in the power of the 
monarch to bestow was held out to llie merchant, as an in- 
citement to an adventure, which tiie vague hope of plunder 
would alone luivc been sufficient to induce that merchant’s 
progenitors to attempt, and succeoafully perform. How- 
ever, it is pruliable tfiat at no time was the art of navigat- 
ing VL'sscls which depended prindpally, although perhaps 
not wholly, upon their sails, lost in the nonliern seas. 

Gibbon say’s, that at the early crusades the vc^nels of the 
“ Northmanni et Gothi** (tlie Norwegians and Danes) dif- 
fered from those of tlio other powers, among all of whom 
the ships partook of tlie characlrr of the Slrditerronran 
galley. 1 hese northeni crusaders are described by him as 
navigating ** navibtu rotundii, that is to say, shi|is infinitely 
shorter in proportion to their length than galleys.* This 
was not later than the beginning of the twelfth century, 
and therefore not so far removed from the periods in qncs- 
tiou os to render the inference we wish to deduce from it 
erroneous, particularly when referring to times of such slow 
improvement as the middle ages. 

The “ mighty* fleets maintained by Edgar afford no in- Edgar, 
formation on the subject of this article, excepting that the 
facts connected with that monarch’s annual circumnaviga- 
tion of his territories prove tlicm to liavc consisted of row - 
galleys. They rnuSt however have formed comparatively a 
** mighty” fleet ; for, from a grant of land made by I^gar to 
Wori'cstcr cathedral, we find that he awumcfl to himself 
the title of Supreme Lord ami Governor of the Ocean ly- 
ing round about Britain.* That they were but of slight 
construction, wc mav infer from the low state of the navy 
so sliortly afler the death of Edgar as the reign of Ethelrcd, Eiltdred. 
who, in order to re-establish it, instituted a regular tax fur 
providing and maintaining a navy. It was enacted, ac- 
cording to Seiden, tiiat w lKiovcr possessed ** 310 hides of 
land, was charged with the building of one ship or galley ; . 
and owners of more or less hides, or jiert of one hide, were 
rated pruportionatcly ;* (he hide bi-ing, according to the 
bc.st authorities, as much ground as a man could turn up 
witli one plough in a year. But thi.<i tax appears to have 
been inadiH]uate to the purpose of providing a sufficient 
fleet, for all the exertions or Ethelrcd could not preserve 
Britain from ag.iin being ravaged by the Danes; and we 
find, that afler the sliort reign of his son Edmund Ironsides, 

England was ruled by Danish monarchs. From tlic known Canote. 
talent of Canute, the Hrst of these princes, and from tlie 
crowns of Dcnm.*irk, Norway, and Britain being united in 
his jierson, we may presume that the naval affairs of Eng- 
land were not suffered to retrograde. We have indt'cd a re- 
cord of their advance during this secoml Danish rule. We 
may also infer it from the present which was made by Earl 
Godwin to Hardicanuto, the third Danish sovereign, of a 
galley, sumptuously gilt, and rowed by fourH^orc men, each 
of whom wore on his arm a bracelet of gold weighing six- 
teen ounce#; not that the mere gorgeousness of Uie gift 
would prove any oilvance in the art of ship-building, but we 
may supftose, from its nature, that naval affairs found favour 
in the sight of this monarch. Of tliis we liave alM) other 
historical evidence, os llardiranute raised eleven thousand 
and forty-eight pounds, in the first two years of his reign, 
for the|wir|)ose of building thirty-two ships ; and the taxes 
he levied for the support of his navy w ere so grievous that, 
Florentius isays, scarcely any man was able to pay them. 

The marine of England seems to fuive been maintained Nonran 
on a com|wvralivcly pow crful footing up to the period of thecu»quc*t. 
Norman conquest; and from Uie naval resource# at the 
coramaml uf Harold the Saxon, in conqiariiwm with the in- 
significance of the shipping which brought William and iiia 
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Normans across the channel^ there can l>c no doubt tlmt 
hid Harold relied upon hU nival gtren^^th* the conquest of 
Knpl.ind would never have been achieved. But, by some 
fatality, his fleet, which had been long stationed olT the Isle 
of VViglit, was dis|)erse<i, in consequence of a report that 
William had abandoned bia entcr[iritrc. 

'fhe flotilla of William the Conqueror is variomsly stated; 
by some at i>QO, by others at 3000 vessels. In either number 
we have a scale to estimate their insignificance, as the in* 
vading force consisted of about 00,tKK> troo|», n hich would 
give in the one rase about sixty<six men to itu'h vesH-l, in 
the other twenty men only. Plate CCCCXLV'. figs. 1 and 2. 

The conquest of England being ct>mpU ted. the shores on 
eillKT side of the narrow aeas between England and Nor- 
mandy were under tlic same rule. William tluTefore claim- 
ed sovereignty over tlicm, which right was maintainetl hy 
his successors. There can be no doubt that the con<-tint 
intercourse iTetween the two portions of the empire, whiclt 
continued Oiroughout the Norman sway, and imli-cd for n 
pt'riod of upwar<isof three centuries, must have dune much 
towards fostering a maritime spirit among the (K^pula ion of 
England, and accustoming it to consider that lame and for- 
tune were the rew ards of nautical adventure. 

Wc have but slight evidence as to the state of naval ar- 
chitecture during the early period subsequent to the con- 
quest. There arc a few facts scattered among tlie records 
of these times, w'hich m&y enable ua to draw some vogue 
conclusions as to the probable size and nature of the vessels 
used. When Prince Willusm, iwm to Henry I., was drow n- 
ed, by the lo&s of tlic vessel in which be was crossing from 
Trance to England, it is recorded that three hundred souls* 
perished with him. As of this number a large portion, liia- 
torians say one hundred and forty, were men of rank, and 
as tliere were many ladies, ainoe the prince was accom- 
{Kmieti by his sister, (he Wfiael must have been of consi- 
derable burthen. A similar event, n.amc1y, a shipwreck, 
tliat otTurred during the reign of IIcBr)' II., by which near- 
ly the same number of perstuis |>erishGd, tends to prove that 
such was about (he extent of the accommu<iatioii aflurded 
by the shipping of tins period. Galleys still continued to 
be used fur the purposes of war; but as commerce b(*gan to 
be extended, it became necessary to recur to the use of 
saiK and we And that they were therefore gradually re- 
covering tlieir importance, and superseding oars. Indeed 
it is difficult to conceive commerce to be profitably en- 
gaged in, attended with the immense ex{K-n»e of the crews 
necessary to propel the larger alleys. Wc should ima- 
gine that (his had an important infliicncc in the improve- 
ment of navigation and of naval architecture, for the com- 
mercia] intcretmrsc between the portions of the empire on 
cither side of the channel must have been considcralde. 
There is constant reference in the early chronicles to the 
great extent of the w ine trade, and of the commerce in 
wool and woollen cloths. 

The intro<iuction of vessels propelled by soils for the pur- 
poses of commerce w'ould necessarily cause a change in tlie 
constitution of the fleets a.sscmhlc<l for the services of w ar ; , 
and this wc find to have been the case. 

The expedition of II ichard Comr dcLion, in 1 190, to join 
the cruMile to the Holy Land, consisted of nine ships w hich 
are described as being of extruordinary size, I3U others of 
inferior dimenaions, and only thirty-eight gallop. AAer tile 
reduction of Cyprus, and the addition of the vessels captured 
there, with others which he had hired at Ikfarseillcs and in 
Sicily, his onnament consisted of 2i>T “tali shippers, and 
al>out three score galliots.'* The increase was, therefore, 
almost wholly in the ships. This, together w ith the record- 
ed fact, that he captured a Saracenic vessel of such size as 
to be capble of containing 1500 Saracens, and a large 
quantity of military stores, destined for the relief of Achon, 
tends to prove that the progress of naval architecture un- 



der the influence of the commercial powers of the Mediter- Iliftory. 
rancan, had been more rapid than in these northeni fieas , ' ^ 

where the commerce was nuich more confined in it* na- 
ture, and the nations l>ordcring on which were in con^unt 
warfare with each other. 

The Norman monarchs appear to have been very tena-Sovrrcijnw 
Clous of tlK?ir claim to the sovereignty of the narrow seas;*? 
and not only their cUini, but their power to maintain their **^‘**‘ 
right, is admitted by the French historians. The Pere 
Daniel sanctions the claim of Henry 1 1, to tliU sovereignty. 

In the reign of John wc finil that the fleets of EnglandJahw. 
were of such importance that the claim was extended; for 
it was then enacted, tliai if the masters of foreign shi|s 
should refuse to strike their colours, and thus p.^y liom- 
age to the English flag, such shifts should (>c ronsidered 
us lawful prizes. This monarch most carefully tbstered 
tile naval power of England ; and it is in the records of 
the thirtccnllt year of thU reign that w e first r«ul of any 
public naval establlHhment. There is in the clone rolls EarU ori- 
published by the Heconl Commi’Uiiott, an order, which jsginof roris- 
dau-d the l?9lh of .May from the king to the 
of Uie county of Southampton, in which he is dirccU*d with-^ 
out delay to cause the king's docks at PartsmuutJi to be 
enclosed hy a good and strung wall, in order to protect the 
king's galley* and siilfH; and also to build storehouse* 
against this wall for the |we«t'rvaticm of the fittings and 
e<|uipment of the iwi<i vosveU; all of which works arc to be 
mrformed under the direction of William, archdeacon of 
Taunton, and Uie greatest diligcnL*c is to be useti, in order 
tlmt (be whole may be completed during the summer. 

The naval power of England appears to have continued Edward L 
sufficient to maintain the sovereignty assumed by John. 

For the ocairrencc of predatory excursions by some Ge- 
noi**e during the reign of Edward I. caused all the nations 
of Euroiie, l>ordcring on the sea, to apfical to (he kings of 
England, whom (hey acknowledged to be in peaceable |>os- 
scssion of the ** Sovereign Ixirdbhip and Dominion of the 
Si^aa of England, an<l Islands of the tame ;** which prove* 
that their claim was generally acknow lislged. *I his docu- 
ment, £vci)n says, was still extant in his time, in the ar- 
chives of tlie Tower. The right to the absolute sove- 
reignty of tlie seas was maintniiied up to the reign of James 
1. Queen Elizabeth instated on and maintained her power 
to refui<c or grant ftassage through the narrow seas, accord- 
ing to her plea.4ure. In 1034 Charles I- as.«ertcd his right 
to their sovereignty; and in IG.rl the Dutch were com- 
pelled, al\cr a H-vere struggle, to submit to it, and consent 
to ** strike their flags and lower (heir rop-sails on meeting 
any sldp of the Englisli navy in tlie British seas;" whieli 
homage the commanders of Engikh iiicn-of-war were in- 
structed to exact from all foreign vessels until so lately 
a* the close of the la-^t war, wlicn it was judjckmsly aban- 
doned, for reasons w hich we shall give in the words of Sir 
John Barrow. In his Life of Howe, with reference to Tra- 
falgar, he says “ That battle, moreover, having so com- 
pletely humbled the naval powers of France amt S|>ain, 
suggested to the consideration of the Board of Admiralty, 
with the ajqirobation of the guvernment, the omisBion of 
that orbitrar)* ami offensive article which required naval 
officers to demand the striking of Uie flag and lowering of 
the top-sail from every foreign ship they might fall in with. 

That invidious a&stiutplion of aright, though submitted to 
generally by foreigners for some centuries, could not pro- 
bably have been inaintoiiied much longer, except at the 
cannon's mouth ; and it was considerod, iherofbre, that the 
proper time had come when it might both morally and po- 
litically he spontam‘OU!<ly alumdoned." 

It is generally suivposcd. that ships intended only for Error re- 
sailing were first built by the Genoese, and tliat not until "pcclinn 
the beginning of the fourteenth century. We rather incline^* “•* 
to the opinion, that in the Mediterranean lliey dale from 
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Hi«u>TT. 4n earlier period than ihii; and that although the general 
adoption of the galley in Western Europe had mudi check* 
ed the art of navigatk>n by means of sails, it hod never 
been wholly lost* but that sailing vessels, though proba- 
bly very few in number, and impeH'ect in their rig, hud 
bnm constantly in use* If we may judge from tlie few hints 
handed down to us by history, they were probably luggers, 
and were adopted for mercantile purposes along the coast of 
the Clianncl and the Bay of Biscay. In the north of Europe 
sails had never been discontinued, although the more war- 
like galleys of England and France had gradually prevent- 
ed the incursions of the northern nations into these more 
southern seas. The beginning of tiie fourteenth century 
is, however, decidedly an cpod> in the histories both of na- 
vigation and of naval architectiu'c, aiid from it may be dated 
tlie progress of navigation by mcansof sails. It U generally 
supposed, that the ** large ships ” mentioned In the enume- 
ration of the fleets of this period, were sliips built only for 
sailing, and intemltHl fur those long voyages which the inven- 
tion of the com|NUM by Flavio Giota, a Neapolitan, alwut the 
year 1300, liad rendered of comparatively easy performance- 
It has been surmised Utat the compass was brought to 
Europe from the East about forty years previous to this 
date, by Paulus Venetus. It is certain that the Portuguese 
found the knowledge of the magnetic needle generally and 
long diftused among the eastern navies. Evelyn says Uiat 
it waa, near eighty years after its discovery, unknown in 
Britain.” lljis U not improbable, for there does not re- 
main much record of inaritinic aifairs in the interval be- 
tween the reigns of John and Edward III. This moiurch’s 
reign was, afkr a most severe struggle with France for 
supremacy on the sea-s, the era of a series of tmval triumphs, 
and both navigation and naval architecture made most de- 
cided advances. 

In an engagement which took place in 1340, the French 
force amount^ to four hundred vessels of which a hundred 
and twenty were ** large ships,” these being principally Ge- 
noese mercenaries. Edward 111. commanded the Engli&Ii 
fleet in person, which consisted of hut two hundred and 
sixty sail. 'The French are variously reported to liave lost 
twenty and Uiirty thousand men, and two hundred vessels 
arc said to have been captured. The losa to the English 
was only four thousand men. Two facts arc elicited by 
the accounts of this engagement i one is, tliat tlierc is no 
mention of galleys as forming any |iart of the fleets ; the 
other is, that in the James of Dicp[>e, which was captured 
by the k^l of Iluntingtlon, fmir huivdred persons were 
found slain ; consequently the size of the vessel must liave 
been very considerable.* 

Rcyal Aeel In 1344 Edward summoned commissioners from all the 
ports, to meet in the metropolis, pcovid(?d with the state of 
their navies.” The roll of this fleet is inscrtefl in the first 
volume of llakluyt, from a copy in the Cottonian Library. 
The total numbc*rs were 710 ships, and 14,151 mariners; 
and there were tliirty-eight foreign ships, with eight hun- 
dred and lifteen mariners. From this roll we learn tluit 
galleys had ceaseii to be used by England, either in her 
wars or in her commerce, as neither among tlie king's shijis, 
nor among tliose furnished by merchajUs, is tliere any men- 
tion of tliem. This fleet was that engaged in tlie cele- 
brated siege of Calais, and it was probably at tins time tliat 
cannon were first enipluyed by the English. Camden in 
his Remains says ** Certain it is that King Edward 111. used 
them at tlie siege of Calais in 1347.” 

Although from the fact of there being a royal dock-yard 
at Portsmouth so earlv aa the reign of John, it is probable 
that the kings of England were possessed of a navy almost 
from the conquest ; yet this roll of Edward’s fleet contains 
the first enumeration of ships belonging to the sovereign, 
and employed in the service of the state, which occurs in 
Enghsh history ; and, consequeDtJy, it ia from the reign of 
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Edward IIL that we must date the formation of a royal TlUtor). 
navy. The king’s ships were twenty-five in number, and 
were manned by 419 mariners. It appears that the vessels 
belonging to the sovereign were inferior in ftM’ce to many 
of tfiosc which were supplied by subjects ; fur the average 
numlier of the crews of the king’s sliips was seventeen men 
to each vessel, while the average of the fleet was rather 
above twenty. Of course these numbers only include tlie 
mariners employed in navigating the vessels, and not the 
soldiers to l)c afterwards embarked on board them. If we 
consider the simplicity of the rig of these shi|>s, in compa- 
rison to tlie wilderness of canvass and cordage covering the 
tdl masts of a modern merchantman, we have more reason 
to be astonished at the large number of hands employed, 
than at the smallness of the averages seventeen and twenty. 

There is good reason to sup|>ose tliat the addition of tlie 
bowsprit to the rig of sliips diatcB no farther back than late 
in the reign of Edward 111., which is alone ([uite sufficient 
to prove the very iropcrf(>ct state of the navigation at that 
perioii, and also to excite astonishment that, witli such ap- 
parently inadequate meant, so much was eflected ; for his- 
tory would almost leatl us to sup}>osc, that lor ail llic pur- 
poses of war and commerce, fleets as proudly or as industri- 
ously ploughed the main then os now, witii all appliances 
and means to boot.” Plate CCCCXI-V. fig. 3. 

In the year 13bl, tlie fourth of the reign of Richard lURicbsrd II. 
the first navigation at.-t was passed in England, for the en- First navi- 
couragement of the naval interest, and the augioeiilationlf**^'* 
of our maritime power, by discountenancing tlie employ- 
ment of foreign sliipping. It enacted, ** tJiat for increas- 
ing the shipping of England, of late much diminished, none 
of the king’s subjects shall hm-alUr shin any kind of mer- 
chandize, eitlier outward or homeward, but only in shi[M of 
the king’s subjects, on Ibrfeilure of sliips arul merchandfre, 
in which slii{w also the greater part of tlie ltcws shall be 
of the king’s subjects.” This act was not how ever enforced, 
permission being given to hire foreign shipping when there 
were no English s})i})S in readiness. 

We have said that tlie royal navy of England must date Royal ship- 
from tlie reign of Eduard IIL We have proof that it con-turAl by 
tinueil to be customary for the sovereign to possess ships ;™**^kaiit<, 
lliey were, how ever, used both for war and commerce. This 
practice, which does nut at all militate against the existence 
of a royal navy, appears to have commenced w hen “ large 
shins” were substituted for the galleys as vessels for w‘ar; 
and it long continual to be usual for mercliants to hire ship- 
ping from Uie sovereign for commercial voyages. We learn IJeary IV. 
from tile proceedings of tlie privy council, which have been 
printed by the Record Commission, tliat in June of the 
year 1400, Henry IV, ordered his “new ship,'* togetlief 
with such others as were in the port of London, to pro- 
ceed against the enemy. Hicre is also a letter in the Cot- Letter to 
Ionian Library, which has been printed in Ellis’s Collec- 
tion of Letters, from John Alcclre to King Henry V'. con- 
cerning a ship building tor that monarch at Bayonne. The 
letter is of the date of 1419 ; and us it contains more mi- 
nute details than might be expcclc'd to have descended 
to us from such an early period, we give the following ex- 
tract. “ .4t the makyng of this letter yt was in this estate, 
that ys, to wetyng xxxvj. strakys in hyth y bordyd, on the 
weche stiukys hyth y layde xj. bemys; the mast beme ys 
yn leynthc xlvj. comyn lete, and the beme of the hameron 
ai'ure ys in leynthc xxxix. fete, and the beme of the hamc- 
run by hynde is in leynthc xxxiij. fete ; fro the onemost 
ende of tJie stemne in to the post by hynde ys in leynthe 
a hondryd Uj*^- and vj. fete ; and the stemne ys in hithe 
iiij^- and xvj. fete ; and the post xlviij. fete ; and the keic 
ys in leynthe a hondryd and xij. fete ; but he is y rotyt, 
and must be cluungyd.” 

Wc have also evidence of the existence of ships which 
belonged to the monarch, in contradistinction to ihxpt which 



10 



SHIP-BUILDING. 



Ilittory. belonged to the ** commons,” in the quaint rhymes of an 
anonymous author of ti»e year 1433, which lia\c been pre* 
** Libel of aerv^ by Hockluyt, termed ** The Prologue of the pro- 
Eryl^^ cease of the Libel of English polictc, exhorting all Eng- 
polide. Jo keepe the aea, and namely, the narrowe sea, shew- 

ing what profile commeth thtMreof, and also what worship 
and aaluation to England, and to oil Englishmen.” 



And if 1 ahoutd conclude all by tbc ktn(^ 

Henrie tbc Fift, what was hiii purposing, 

Whan at Hampton be nude tbc trreat droinona. 

paused other great sbiiM of all the commons ; 
Tbe THnitie, the Grace de Diru, tbe Holy Qbost, 
And utber ouw. wbicb at tmwc bee lust. 

Wbut hope ye wu tbe king's great intent 
Of tbou lihippes, and what in minde bee meant : 

It was tiotcliist but that lier cast to be 
Lordc round aiaHit enriron of tbe sea. 



The terra dromond is the corruption of a Levantine term, 
drorooncs, imported probably by tltc crusaders. The dro> 
mones were long row-gaiteys, hut the adopted term dro- 
mond was applied generally to all largo ships. 

Henry I There U a list of Henry's vessels in the fourth year of liis 
fleet. reign, preserved in the proceedings of llie privy council. 

His navy then consisted of three ** large ships*’ or grands 
niefs,” three carracks’* eight barges, and ten balingcrs. In 
1417 it was augmemted to three ** large ships," eight ** car- 
racks,” six other ships, one harge, and nine balingers. 

Early ton- Again, in a letter prewrved among the Cottonian ma- 
*“<** nuscripts, and primed in Ellis’s collection, we find that the 
Spaniards offered Henry* V'. two carracks for sale, one of 
which is described as a tonnage equal to 1400, and the 
otlicr to 1000 butts. So energetical was Henry V. in all 
things relating to his navy, and tlic consequent increase in 
the number of the royal ships during his reign was so great, 
as to have led to the error that before his time the sove- 
reigns of England were not possessed of vessels, hut relied 
wholly upon the aid to be gathered from the dilferent ports 
of Englaiu!, or to be hired from foreigners. This is evi- 
dently incorrect. 

of On the death of Henry V. a different line of policy ap- 
Ibe navy, pears to have been adopted; for in May 1423 the king’s 
ships were all sold at Southampton, under a restriction that 
no foreigner could be a purchaser of them. But it appears 
that a long period did not elapse before tbe depressed state 
of the naval resources of the kingdom, consequent on this 
injudicious measure, attracted the attention of parliamenL 
The following interesting quotation from the preface of the 
fifth volume of the Proceedings of the Privy Council, print- 
ed by the Record Commission, refers to this event. “ In 
1443 the attention of parliament was directed to this im- 
portant part of the national defence (the naval force), and a 
I Iiighty curious ordinance was made for tlic safeguard of the 

sea. r rom February to NovcmlKTcight al>i|)S with forcstages, 
or, as they were sometimes called then, as now, forecastles, 
armed with 150 men each, were to be constsmtly at sea. 
Every large ship was to be attended by a barge of eighty 
men, and a bolinger of forty men. There were also to be 
* awaiting and attendant upon them’ four * spymes' or * S{n- 
naces,’ with twenty-five men each. The whole number of 
men in tlicse twenty-four ships was 2240.” 

There is also in the same preface an account of the va- 
rious kinds of ships which fonue<l the navies of this period, 
a part of which we shall quote, and by the addition of some 
further information of the same nature, derived from Frois- 
sart, Monstrelct, and other sources, Uie reader will l>e cn- 
ableil to form a tolerably correct u|)inian as to the state of 
naval architecture in England previous to and during Uic 
fifteenth century. Plate CCCCXLVL 
Skips. SAtpt. ** The burthen of the largest ships at that period 
probably did not exceed GOO tons, though some of them 
were certainly very large” as, for instance, the vessel built 
at Bayonne for Henry already mentioned. ** Otic 



which belonged to Hull was released from arrest* (she bar- 
ing bi'cn pressed into the king’s scTviceX ” because she 
drew so much water that she could not approach within two 
miles of the coast of (iuienne, where the Duke of Somer- 
set’s army intended to dlsemWk and several notices oc- 
cur of sliips of 300 and 400 tons and upwards. Some had 
three and others only two masts, witli short topmasts, and a 
“ foreslAge” or ” for<?castle,” consisting of a raised platform 
or stage, ahich obtained the name of castle from its con- 
taining soldiers, and probably from its having bulwarks. In 
this part of the sliip it appears business was transacted ; and 
in tlic reign of Edward 111., if not afterwards, slit|)s had 
sometimes one of these stages at each end, as ships ** ore 
chtuiiel devant H derert* arc then S])okcn of. (Iftaie 
CCCCXLVL figs. 2, 3, 4, 5.) Lydgate, describing the 
fleet with which King Henry V. went to Fraucc after the 
battle of Agincourt, says, 



Fil'iren kundrrd »hips ready there be fuuiid, 

^V^tb rich MuU aiid bigb topcasile. 

This is a confusion of terms. The “ topcastles” were not 
the forecastles, but were castellated enclosures at the most- 
heads in which the ftages to the officers were stationed 
during an engagement, in order to annoy the enemy with 
darts and other missiles; as is frequently mentioned in 
Froisaart, and is represented in tlic illuminations to his 
work. Plate CCCCXLV. fig. 3. 

Curruch “were vessels of conriderable burthen, andCarrteks. 
were next in size to great slu{>s, in which class they indeed 
were sotiH'times included. Their tonnage may be estimated 
by their being in some instances ca|iable of carrying 14tiU 
Imtu ; am! the sail of one afforded Chaucer a strange si- 
mile expressive of magnitude, 



And now bath >aith h«, a tayl 

Brodrr than of s (urrike ic tbe m\I. 



Tliough occasionally armed and employed against tlie ene- 
my, they were more generally used in foreign trade.” 

Chomock says that Utc first carrack which was built in 
England w as built for a merchant, John Tavenier, of Hull, 
who was consequently honoured by Henry VI. with distin- 
guished favour; and slie was licensed in 1441^ with parti- 
cular privileges to trade tlirough tlvc Straits of Morocc*t>. 

The king also ordered her to be called the (jrace Dieu Car- 
rack. The license states her to have been built “ by U»e 
help of God and some of the king's subjects.” 

Burytt “ were a smaller kind of vessel and of a different Barges, 
construction from shi|>s though, like tiieiu, they sometime's 
had ibrccastlc's. Those apixiinted to pru(cx*t the seas in 
1415 were of 100 tons burthen, and contained forty mari- 
ners, ten meo-at-arms, and ten archers ; whilst the ships 
employc*d on the »ame occasion were of 120 tons, ajid had 
forty-eight mariners, tweuty-six men at arms, and twenty- 
six ardiiTS each. Pour large barges and two balingers 
were capable of holding 120 men-at-ar'nis and 4U0 arclier^ 
and sailors.” 

J)alinyrr$ " were still sntaller than barges, had no fore- nMlin^ers. 
castle, and sometimes contained about forty sailors, ten men- 
at-arms, and ten arclicra.” I'ruissart inakc*s frequent men- 
tion of “ balniers," “ ballenient,” which he describes ** as 
drawing little water, and being sent in advance to seek ad- 
ventures, in (he same manner as knights and squires, mount- 
ed on the fieciest horses, arc ordered u> scour in front of an 
enemy, to see if there be any ambuscades.” Monstrclet 
S|)caks of one vessel that was employed by Louis XL to ab- 
duct the ('mint de Cliarolais, by the two names ballenier am) 
balaycr. It is not improbable.that the name i« derived 
from the French word Meittty and that its origin was si- 
milar to that of our English name whaler. The wliale- 
fishery in Biscay was of a very eudy date. 

iiulltys (Plate CCCCXLVL fig. I) “are frequently Galleys, 
mentioned at a very early |ieriod ; and in the 5th Rich. 11. 

1331, the Commons complained that no measures had been 



Digit! 



SIIIP-HUILDING. 



11 



Utiutry. taken tn re»i«t the enemy* «fto had attacked the English at 

'■“'“■"V— ^ Hoa with their bargers galley*, atid other vcsstdn. In 1405 
Henry IV. directed his council to apply to the king of l*or* 
tiigal to lend him hia galleys to assist the English navy 
against the French.* 

In Sir Grenville Temple’s Travels in Gri'cce am! Tur- 
key, we find the tullowing description of a Maltese galley, 
or, more correctly, gallcas, made from an old model pre- 
served there. ** Those galleys mexsurctl a hundred and 
sixty-nine feet one inch in length, and thirty-nine feet six 
inches in breadth. They had three masts with latinc sail}^ 
and were propelled by forty-nine tjars, each forty-four feet 
five inches long. Their armament consisted of one Utirty- 
six pounder, two of twenty-four, and four of six, all on the 
forecastle, which in those days had in reality some ajjpear- 
ance of a castle. On each aide of the vessel, afl of the 
forecastle, were four 8ix-|x>under8." The total crew, in- 
cluding nlley-slavrs, consisted of 549 person.^. 

GaUcas. The OaUeiis and the Gallton appear to have been succes- 
sive improvement* on the original galley, rendered neces- 
sary by Uie introduction of cannon into naval warfare. The 
artillery introduced on board the early galleya was plactxl 
either before or abaft the rowers, and to fire in the direc- 
tion of the Icnj^. (Plate CCCCXLVII.) In the gallcas, 
a description of vessel first uaed at the battle of 1.4'panto, 
guns were also placed between the rowers, to fire from the 
broadside. Evelyn describes the galleasses he saw at Venice 
(1645) as being vessels to rowe of almost 150 foote long 
and thirty wide, not counting prow or poop, and contain 
twenty-eight banks of cares, each seven men, and to carry 
1 390 men. with three masts.” In the galleon the oars ceased 
to be the principal means of propulsion, and if used at all, 
were only so as occasional aids. The galley and gallcas had 
overhanging tojisides for the accommodation of the oars. In 
the galleot^ on the contrary, the topsides “ tumbled home* 
to so extraordinary an extent, that the breadth at the water 
was twice that at the topside, a fashion which has continu- 
ed, but in a much less degree, to the {wesent time. Plate 

ccccxLvm. 



Spynet or 
sp/iaces. 



Playfetaod 

sotalkr 

vrsscU, 



Foists or 
iuysls. 



Hulks. 



Spynts or Spt/nactaf “ now called pinnaces, seem to 
have been Urge boats, capable of holding twenty-five men, 
and were probably used fur swiAue^. To these must he 
added crayers, hulks, gaharres or gal)bars, a kind of fiat- 
botlumed boat used in shallow rivers.” The French still 
continue to apply the term “gabarre* to itore-shi|«i. 

** PUytes, cogshjj^w, whence {lerhops cogs and coggles 
are derived ; farecroits, passagers, which were perhaps lK>aU 
used between England and France ; and cock-boau, a small 
licat which attended upon all kinds of ships. The whole 
of these vessels were employed in conveying goods or jias- 
sengers, and most of them on rivers or in the coasting 
tratie. The ships, carrocks, barges, balingcrs. and galleys, 
were employed equally for commerce or for war. When 
sent against the enemy, soldiers were put on board of them ; 
and it is most likely they were at all times jiarlly manned 
by suldicTS. In foreign voyages they usually eailerl in con- 
voys ; and it was a very ancient cmium for the masters and 
sailors to elect their own admiral.” 

In Burchett's account of the unfortunate action in the 
Bay of Conquet in 1513, in which the i..ord High Admiral, 
Sir Edward Howard, lost his life, fuur^bU/s arc incntioncfl 
as forming a [>art of tlic French force. They were proba- 
bly vessels of a aimiUr character with the galley, but snuller 
in size. About the beginning of the seventeeiiUi century, 
** carracks,’* " galleons,'* and “ tall shippes” sp|H.*ar to liave 
bcc*ome synonymous terms. Plate CCCCXLVHI. 

The term hulk originally was applied in a dificrent sense 
from that which is stated in tlic part of the foregoing 
remarks which we have quoted from the preface to the 
proceeding* of the privy council. Frequent allusion is 
made to hulks in documents of the fifteenth and sixteenth 



centuries. In a letter from Sir Thomas Seymour to the History, 
privy council, dated the 13tli of November 1544, when in 
command of tlic ** sliipes whvehe was a pnyntedc to k^]>e 
the Narrow Sees,” vindicating himself fur putting back on 
account of a storm, there is the following passage, from 
which we might almost infer that hulk was a general name 
synonymous with sliipa. ** 'Hire hulkes lliat come aller me 
colde noli gett syght tlicreof (tlie * Kyllc of Wyght),' tyll 
they warre in a bay on the e*t syde of the Eylle, of die 
whyebe Mr Sirowd, Bramsion, and Battersebe of the garde, 

God rest (heir sow les, was in on of them, w hyche holkc 
brake all her ankeres and cabclles, and she brake all to 
pcses on tlic shorr, and hut 41 of 300 caved a lyvc. The 
otlier two rode out the storme, whyche lasted all that nvght 
and the next dsy. My brother (Sir Hy Seymour) and 
John Koberds ofUic garde, tryde the seesal] the furst nyght, 
and the next day c*am into Darteinuulh haven, wharre my 
brothers holke stroke on a roke and brest all to pewes ; but 
God be praysede, all the men warre Mvede, savying thre ; 
and 4i nolher new holke that tryde the sees that nyght brake 
ihrc of her bemes, and w iih moclie udu come into tlic Wyght.” 

.Again, in a letter from I.ord k’iscount Lble. Baron Mai- 
pas, the Lord High .Admiral of England, to Henry Vlll., 
we have an announcement, that “ their U cum into tlie 
Downes 30 sayle of hulkses, w hereof sum be tall shipcs.” 

And again, in a letter from the same to the I> rd Chamber- 
lain, Lord St John, he sjieaks of having detained “ 3 grate 
hulkes bound, as they say, for Lusslibonio, the leste of y* 

500 tunnes” And again, from the same to the same, he 
speaks of his furiucr letter and the " goodly hulkes,” and 
says, ** sitliens tluit tyme 1 have stayed utlicr too, which in 
beautye and well appoynting arc beyond the others. That 
1 have lost stayed ys a shipe of 600 at the least, and liuUi 
Si toppes, and she ys of the tow n of Dansick, and iadon in 
Flaiidera fur Lusshbuurne.” 

The importance of tlic merrantUe sliipping of England State of 
during tlie fifteenth century must liavc been considci^le.''jrrruntil* 
About the middle of it flourished the celebrafed William 
Canynge, a mercliant of Bristol, who built the church of 
Mary's, HedclifT, in that city, in which church he was buried ^ ^ 
in 1474. Tills man appears to have been much in advance 
of the Hide times in w hich he lived. His mercantile trans- 
actions were on so extensive a scale, and carried on in ves- 
sels of such large size, iJiat they mui>( have hod an import- 
ant influence in improving the navies of the period. It is 
therefore not only as a fact of much historical interest, but 
as one w hich is intimately connected with aud most proba- 
bly materially ofiectiiig our subject, that we shall dwell on 
Uie information which luu descended to us respecting him. 

He was a great patron of the arts, a friend and protector of 
genius, and eminent for his virtue and piety. From an in- 
scription upon his tomb, a tradition has become current, 
that Edward IV. took 2470 Iona of sliipning from him, he 
having ** forfeited the king's peace and for the obtaining 
of which again, it is stated that Edw'ard accepted these ships 
instead of a fine of 3000 marks. The Itinerary of William 
of Worcester, preserved in Uie library of Bennett College, 
Cambridge, gives the names of Canynge's vessels, among 
w hich are the Mary and John of 900 tons Mary Kcdcliff erf* 

500 tons and Mary Canynge of 400 tons The same au- 
thority gives the names ami tonnage of other large ships be- 
longing to Bristol merchants, among which are the John, of 
51 1 tons, and the Mary Grace, of 300 tons. If tlierc be any 
truth in the tradition of Uie confisi'ation of the shipping, it 
is probable that the inscription on the tomb may refer to 
some act of Canynge's in favour of the liouse of l.ancaster, 
as he impears to have enjoyed Uic favourable opinion of 
Henry V I. .Another account, which, it is said, is authenti- 
cated by the original instrument in the Exchequer, states 
that this Canynge assisted Fxiward IV. with a loan, and re- 
ceived in return a license to liavc 2470 tons of sliipping firoo 
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Iliflory. of Impostt. In Corry'i History of Bristol it is mud, *' the 
commerce and manu&cturcs of Bristol appear lo have made 
considerable progress during the fiflcenth century, about 
the middle of which flourished the celebrated Conynge. 
This extraordinary man employed 2853 tons of shipping 
and 800 mariners during eight years. Two recommenooWy 
letters were written by Henry VI. in 1449, one to the mas- 
ter-general of PrusHiit, and the other to the magistrates of 
Dantzic, in which the king styles Canynge his beloved emi- 
nent merchant of Bristol.” 

Doubts as Some doubt miut always remain as to the actual size of 
to acriuary the shipping of this remote period, as we cannot ascertain 
in esumnt- ^^e bulk that was then oonsidered os equivalent to a ton. 

It is probable that the tonnage was estimated according to 
^ the number of butts of wine that a vessel could carry. For 
we find references to ships sometimes by tonnage, and some- 
times by the “ |>orlagc” of so many butts. 

This, however, is only a question as to exactness of size. 
In whatever way measured, Canynge’s shifw must have been 
of very considerable dimensions. It is rather extraordinary, 
that at the unsettled period in question Bristol should have 
enjoyed such a state of commercial prosperity as tlic owner- 
ship of such sliipping as that enumerated by William of Wor- 
cester necessarily involves. Bristol, for many centuries, was 
only second in mercantile im{>urtance to London; but the 
civil wars which distracted the kingdom during a great part 
of the fiHeenth century must have much retarded the in- 
crease both of the military and the mercantile navy of Eng- 
land; and only when order was again re-establislicd by the 
Henry Vll. accession of ^enry Vll. to the throne in 1485, ought we 
to expect men’s minds to revert from the internal excite- 
ment of party strife to external affairs. 

Progrsss of In this interval, in which England was torn by the w'ars 
naval iui- of the houses of York and I.ancastcr, naval science hatl 
pfovvDwnt. more rapid strides than in any |jTcvious period of si- 
Compass, milar duration. The compass was not only known, but was 
generally ailo])tcd. Navigators could take observations by 
Astrolabe, the use of an instrument called the astrolabe, in\'ented by 
tlie Portuguese. The Spaniards and Portuguese were suf- 
ficiently advanced in the art of navigation to sail on a wind, 
and their smaller vessels, at least, were adapted for this ma- 
nceiirre. New maritime states had started into existence. 
The Netherlands nntU then scarcely known, was ujider the 
Duke of Burgundy, the most formidable naval power in the 
oortli of Europe. “ His navy," says Philip de Coraminca, 
** was so mighty and strong, that no nun durst stir in those 
narrow seas fur fear of it, making war u{>on the king of 
France’s suhjertu, ami threatening them everynhere; his 
navy being stronger than that of France and the Earl of 
Warwick joinetl together.” Venice, in 1420, accewding to 
Denina in lilsHevolutionsofltaly, su|»portcd 3000 merchant- 
ships, on board of which were 17,000 seamen. They em- 
ployed 300 sail of sujicrinr force, manned by 8000 seamen ; 
had forty-five carracks, with 1 1,000 men to navigate them t 
and her arsenals employed 16,000 carpenters. Portugal luul 
pushed her discoveries round the Capo, and Spain liad added 
America to (he world. 



Hrther. 

loads. 



Venice. 



Povtogml. The progress of discovery by tlw Portuguese lo the south 
Spain. and east, and by the Spaniards to the west, with the conse- 
quent rapid increase in the im|vortance of titese two powers, 
and the influence of their discoveries on the state of Europe, 
renders the fifteenth c'cntury probably the most important 
of modem history. In it was given the death-blow to the 
increase of the Saracenic power, and to that of the Mc<li- 
terranean states. The Turn, the Venetian, and the Genoese^ 
had hitherto been the monopolizers of the t'onimcrce of the 
PatM^ east. Tlie discxivcry of the pasAage rouru! the Cape of Good 
romnl tbe Hope opened this trade lo all nations. The commerc*ial 
G«Sn* ne coiiw*quently the military sceptre, hitherto 

*^^'ahared by the Turk, passed wholly from the infidel lo tfie 
believer. The crescent sank before the cross. 



There can be no doubt, also, that the “ tormeniai* of the History. 

" t/rdo Cabo de boa Etperdfa" acre a means of great im- * 

pruvement in naval architecture ; for we find, that in conse- ^ Intlu. 
qucncc of the representations of Bartholomew Diaz, John 11. 
of Portugal ordered ships to be constructed for the especial tecture. 
purpose of omtending with the stormy seas of the Cape of 
Good Ho[)c. The ships were built to form the aquuroti 
of Vasco de Gama, and were of small tonnage, from the 
very proper idea tliat small vessels were more adapted to 
prosecute rcsearcht's in unknown seas tlian those of a large 
size, and consequent incrcaKd draught of water. 

The squadron of Vasco dc Gama consisted of Uiree ships Squadmn 
and a caravclla. One of tbe shins was of the burthen of of Vascode 
two hundred tons, another one hundred and twenty, and^<^<>'^ 
the third one hundred ; the caravclla was of fifly tons. The 
largest of tliv ships was a victualler ; the smsillest was in- 
tended to prosecute discovery up creeks and shallows ; and 
the other was Ibr a display of force. As it is evident that 
it was nut increase of dimensions which was to be the c^ject 
in designing new vewels, the direction of improvement must 
Iiave been towards perfecting their forms, strengthening Uicir 
frames, and adding to the emciency of their mtUenel. Por- 
tugal by these means became the most advanced state of 
£uri>pe, in knowledge of the art of ship-building ; for we 
find lliot it was long supposed that the passage lo India re- 
quired ships such as the rortugueae alone could build. Spain, 
in her career of discovery, conquest, and colonization across 
the mighty waters of the .Atlantic, os if to assimilate the means 
to the vastness of licr achievements, rapidly acquired the art 
of constructing ships of very large dimensions; and as long as 
she possessed a marine, her ships maintained this superiority. 

We have a c\jriuus instance of the light in which naval state of 
cnter^iriseswcre considered in England at tiiis time, notwith- naval «f. 
standing the earnest desire of tla* monarch to re-establish I"'* 
his navy, which had nect'SsarUy suffered from the long civil 
wars. There is a letter from Henry VH. to the pope, pre- 
served in the Cottonian Library, excusing himselffrum Kmd- 
ing succour against the Turk, from which the following U 
a quotation. The Galees commying from Venues to Eng- 
land be commonly vij. moneihes sailying, and sometimes 
more and again, “ it sliould be May or they should be 
ready to saill, and it shall be the last end of Septembr or the 
said shipi>es shuld posse the Streits of Marrok ; and greic 
difficultio to fynde any Maryners hable to take the rule and 
governance of the said shippes sailying into so jeopardous 
and ferre parties.” 

There is a drawing (Plate CCCCXLIX.) extant in thenmri 
Pepysian Library in Magdalen College, Cambridge, of theGmrrii 
Henri Grace 5 Dicu, built by the ordcrof Henry VIE which 
Charnock has engraved in his History of Marine Architec- 
ture, and argues as to the general authenticity of the repre- 
senlaiiun. lie says, '* this vessel may be tenued tlie parent 
of the British navy. This celebrated structure, the existence 
of which is recorded in many of the ancient chronicles, cost 
the king, by report, nearly 14,000 pounds." 

From this drawing may be traced the derivation of one or Early r>rt- 
two names which have been preserved even to the presentgin of nn- 
hour : as, fur instance, the yard-arm,” no doubt from tlie 
ends of the yards being armed with an iron hook. The cas- 
tellated w<irk from w hich wc liavc the term ** forecastle” is 
earlier than this; and the buckler -ports are most probably 
derived from a yet earlier period, when t4ie bucklers of the 
knights were ranged along the sides of the ship, us tliey 
arc represented in the illustrations of Froissart, and of the 
early chroniclers, and even in the Bayeux TajHrstry. Plate 
CCCCXLV. 

** The masts were five in number, inclusive of the bow- 
sprit, an usage which continued in the first-rotes without 
aJterntion till nearly the end of the reign of King Charlc*s I. ; 
tlicy were witliout division, in conformity with those which 
had been in unim^woved uac from the earliest ages. This 
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HirtoTT. inconTcnience it wm» very soon found indispensably nece»- s-els are represented with lateen sails ; and in BnMin*s OW- Hiitory. 
sary to remedy, by the introduction of separate ioinlSy or lafej Orhtt Terrarum, published in 1571J, sprit-sails are 
top-masU, which could be lowered in case of need.” met with. It is quite certain, however, tliat sailing on a 

Tlie drawing shows two tiers of ports. The introduction wind was by no means a general quality possessed by the 
of port-holes is said to be an inmrovement due to a French ships of war, or to any extent even by the greater portion 
ship'builder of Brest, named Dcscharges, in the reign of of the larger shipping, until about the reign of Henry VIII, 

Louis XII., and about the year 1600. if tlic drawing be We shall adduce one other instance, in tlie account of the 
authentic, the correctness of this appropriation of the merit loss of the Mari Kihic, a ship of the “ |x>rtage of 500 tons,” 
of the introduction of port«holes may be questionable. not so much to corroborate the fact ot sailing on a wind, as 
Again, if the drawing be a cwrecl represc-ntalion of the to show tliat the two innovations, the introduction of port- 
rcasel, she would have been in danger of upsetting, ex- holes, and the ** knowledge of the bowline,” were, os we 
cepting in calm weather, and when her course was witli the have just said, in advance of the qualities of the large sliipa 
wind. In fact, av yet the large ships of war of England were of war of tlie time. Sir Waller Raleigh says that ** in King 
not at all adapted to sail on a wind, and were very ill provid- Henry VIII.’s time, at Portsmouth, the Slari Rose, by a 
cd with such sails as would enable tliem to do so; (hey had little sway of tiie ship in casting about, her ports being 
therefore nothing to fear from the result of a measure which within sixteen Inches of tlie water, was overset and losL” 
could not be put into execution. The fleets of war of whicli T)ic loss of this ship lias been the means of giving us an- of the 
we have hitherto written seldom ventured out of port ex- other interesting insight into the comparatively low state of.Muri Rw. 
cepting in the summer montJis. and then only when the nautical skill in England at this period, namely, the middle 
wind was favourable to tlicir intended course. But verv' of the sixteenth century. In a letter among the statc- 
shortly after the date of the building of the Henri Grace k papers published under the direction of the Record Com- 
Dieu, we shall find that great imjirovcment took place, and mission, addressed by the Duke of Suffolk to Sir William 
tiuit in the reign of Henry VHI. there is evidence to prove Pagclt, ** chief secretary to the kinge's highnes,” dated the 
that sailing on a wind formed one of the qualities of the 2Sd of July 15-15, and containing a schedule of things ne- 
veasels composing his fleets. This fact appears to throw cessary to be had for the raising of the Mari Rose, one item 
some doubt upon the corrcctncs® of the arawing, for it is “fifty Venyzian maryners and one Venyrian carpenter;” 
must have required ships widely different ftom any of which the next item U “ sixty EngUsshe martmers to attende upon 
that would at all give an idea, to have performc<l tlie evo- them.” It would also appear that the attempt was to be 
lution of tacking or wearing ; and as the Henri Grace a made under the direction of an Italian, as the conclusion 
Dieu was in all probability the same ship tliat on the acces- of the schedule is, “ Item, Symond, petrone and master in 
sion of Henry VIII. was called the Regent, she must have the Foyst, doth aggrie that ail thyngs must be had for the 
formed one In fleets which were capable of performing pur|X)se aforesaid." The attempts Imwever all failed ; tlie 
these manteuvres. It is tnie that she may have oeen alter- wreck <if the Mari Rose remains to this day at Spithead, 
ed to adapt her to these new requirementa of an improved and so lately as August I83t», several of her brass cannon, 
system of seamanship ; and it must also be said, that she was of most exquisite workmamhijs w ere recovered from the 
burned in an action witli the French fleet, which occurred sea by the cnter{]rise and ability of an Englishman of the 
as early as the fourth year of the reign of Henry VIII. name of Deane. 

Henry Though it is out of the question (hat &hi[>s with the en- We may obtain some idea of the detail of ship-building Minubir of 

^ I I L orroous top-hamper which, on the evidence of all the draw- rather before tliis jxrriod, from an account of a vesH‘1 built fbip-build- 
ings extant, still continued to be the loshion, could have by .lames IV. of Scotland, at the close of the fifteenth 
made much progress in sailing on a wind, the letters of the the beginning of the sixteenth century. The extract is^ 
time extant corroborate the statement we have made t for from Charnock. hut he has not mentioned his authority, 
they begin to contain references to this improvement in “ The king of Scotland rigged a great ship, called the Great 
navigation. In a letter frcrni Sir Edward Howard, “ I/>rd Michael, which was the largest and of superior strength to 
Admiral,” to King Henry VIII., upon the state of the fleet, any that had sailtHl from England or France; for this ship 
A. D. 1513, preserved in the Cottonian Library, and i«ib- was of so great stature, and took so much timber, that, ex- 
lished in Ellises collection, we find the following passage: cq>t Falkland, she wasted all the woods in Fife which were 
“Ye commanded me to send your grace w-ord how every oakwood, with all timber that was gotten out of Norway ; 
ahipp dyd sail; and this same was the best tryall tliat for she was so strong, and of so great length and breadth, 
oowd be, for we went both slakyng and bv a bowlyn, and all tlie WTtghts of Sc'otland, yea, and many other strangers 
a cool acros and abouet in such wyse tliat few- ship[>es were at her device by the king’s command, who wrought 
takkyd no water in over tlie lee wales.” The Lord High very busily in her; but it was a year and a ilay ere site was 
Admiral Lisle, in one of his letters (1545), says the small completed. To wit, she was twelve score foot of length, 
veaselsof hisfleet could “lycbest by a wynde;”andin 1.5G7 and thirty-six foot within the sides; she was ten fool thick 
wc have conclusive proof that there were •' fore and oft,” in the wall and boards, on every side so slack and so thick 
indeed “ cutter-riggi-d” vessels, on the British seas; os in that no cannon could go through her. This great ship 
a map of Ireland of tliat date, published in the state-]iapcni, cumbred Scotland to get her to sea. From that time that 
two such vessels arc represented, for the purpose, ^parent- she was afloat, and her masts and sails complete, with on- 
ly, of indicating regular packets from England to Ireland, cliors offering thereto, she w as counted to the king to be 
It has been very generally supposed, on tlie authority of thirty tliousand {loutids expense, by her artillery, which was 
Hir Waller Raleigh, that the “Imowlcdgc of tlie bowline” very great and costly to tlie king, by all the rest of her or- 
was a discovery in navigation made shortly before his time; dors. To wit, die hare many cannon, six on cvc*ry side, 
but we think it is probable that there were, even from the with three great bossils, two behind in her dock and one 
tiineofthe Northmen, croft so rigged as to be capable of sail- before, with three hundred sliot of small artillery, that is to 
ing on a wind. Froissart mentions, in several instancesi, “ a aay, myand and batterd falcon, and quarter falcon, flings, 
vessel called a Lin, which sails with all winds, and without pestilent serptmtens, and double dogs, with hagtor and cul- 
danger and again, “ a vesael called a Lin, which kee|>s vering, corsbows and handbowa. :?t)e had three hundred 
nearer the wind than anv other.” Boats with a rig adapted mariners to sail her, she had six score of gunners to use 
for this manuruvre are also reprcK-nled in engravings of a her artillery, and hod a tliousand men of war, by her cap- 
very early date. In the plates of Breydenbaen’s Voyage to tains, shippers, and quarter. masters.” 

Palestine, which was published in 1483, boats and small ves- Several of the wTilen of this period mention the fact of a 
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Hi«4oi v. Sttedish ship of extraordinary dimensions huUt in tiic middle 
of the sixteenth century, and which wras burned in an action 
between the Swedes and Danes in 1504. Chapman has 
* given an estimate of the dimensions of this vessel. Shew-as 

called the Makalos (by Ch:imock, Megala). According to 
Chapman, site w as 1G8 English feet in length and forty-three 
ICnglLsh fuel in breadth, an iininen>>e vessel for iliat {KTiod. 
Her armament was 173 guns, sixty-seven only of which could 
be considere<l as cannon, the reminder being merely swivels. 
Roral We find tliat Henry VIII., dt^eply sensible of the ne- 

doek.)rv(l«.(^lty of 41 permanent and powe^ul naval force, estab- 
lished the navy-offiec, and also several <lock-yards for build- 
ing and repairing the «hi|>9 of the royal navy. Among 
these were Woolwich, Deptford, and Chatham. He also 
greatly added to and improved the dock-yanl at Ports- 
mouth. He* invited from foreign countries, {utnieularly 
from Italy, the commercial dties of which were still in ad- 
vance of tiie rest of Europe in the maritime arts, as many 
skilful foreigners as he could allure, either by the hope of 
gain, or by the honours and distinguished countenance he 
paid to them. The following extract »» from a re|>ort nuule 
to James I. in the year 161S, and published in the .Archxeo- 
Ingia. It was made in answer to a commission issued by 
that monarch to the several master-builders. The date of 
the rejx)rl is rather in advance of our history ; but we in- 
sert it here because the information it contains is of the 
time on which we are writing: as, while it confirms the 
statement we have just made, it Informs us on the force of 
the royal navy during the reigns of Edward and of Mary, 
the period at which we have now arrived. 

EdwardVi. Inc minority of Edward \T.» and the civil and religious 
strife which di8tracte<l the kingdom during tJic reign of 
Mani', depressed the resource* of the state, and evidently 
much cliecked the progress of iU maritime strengUi. The 
report says. ** In former times our kings have enlarged 
tlieir dominions rather by land tiian si^a forces, whereat 
even stranger* have marveUed, considering the many ad- 
vantages of a navy ; but since the change of weapons and 
fight, Henry VIII^ making use of Italian shipwrights, and 
encouraging bis own people to build strong ship* of war, 
to carry great ordnance, by that means established a puis- 
sant navy, w hich in the end of his reign consisted of seventy 
vessels, whereof thirty were ships of burthen, mid contain- 
ed in oil I0,5.>0 tons, and two galleys. The rest were small 
liarks and row-barges, from eighty tons downwards to fif- 
teen Ions, whicl) served in rivers and for landing of men. 
I'Mward VI., in the sixth year of his reign, had but fifty- 
Uiree ships, containing in all 1 1,005 tons ^idi 7005 men, 
whereof only tw enty-<nght vessels were above eighty tons 
each. Queen Mary hml hut forty-six of all sorts.** 

Defects of There i* one |K*culiarily about the fleet* of this time, 
tie ship* of u Inch exemplifies tiie defect* of their design in a very' re* 
this pvri« «L feature. It is, that llie ships built for the royal 

navy Ap|>caronIy to have been adapted lor the lodgment of 
the soldiers and mariners, with their implement* of war, 
and the necessary store* for navigation. I'he provisions 
were carried in on altenihinl vessel, called a “ victualler,’* 
of which there was one attached to each of the Urge shins 
of war in the fleet, or to several of tlie smaller sixe. The 
hold ap[>ears to have been principally occrupied by the ** cook- 
room," the inconvenience of which arrangement, though 
much complained of, was general when Sir Walter Raleigh, 
in hi* Discourse on the Royal Navy and Sea-Service, re- 
commended Uiat it should be removed to the forecastle ; 
and even so lately as 1715, several men ufw'ar liad “cook- 
rooms" in their holds. There is also no doubt that the enor- 
mous quajiUty of ballast which was rendered necessary by 
tlie immense to{>- hamper of these ships, and the space wliich 
it occupied from being shingle, leil but little room for the 
stowage of any quantity of' provisions. In tlie ship* built 
(br commerce, defect not appear to have existed, 



as in fleetA composed of the king's and of private shipping, History, 
those ships only which belonged to tlie royal navy hail these ' -r 
attendant victuallers. We al»o know that the cook-rooms 
in the merchant-shipping were under the forecastle; and 
they had less top-hamper, as leas accommodation was requir- 
ed for officers. 

Although we may comment on the comparative ineflicien- Epoch in 
cy of the vessels, wc cannot but perceive that wc have cn-^^l**’*’bi- 
tered lliat period in tlie history ot naval architecture and 
navigation, in which, tliough still in their infancy, tliese arts 
may be considered av |)crfi‘ct in all but the maturity to be 
acquired by the experience of years. The mariner's com- 
paiw was known; the theory of taking ob.«ervations was un- 
derstood, and the practice of it in the course of being per- 
fected ; and therefore the longest voyage* could be under- 
taken w'ith comparative certainty and safety. Besides thU, 
tlieshi])*. (hough still iniperi'ect, were becoming gradually ma- 
nageable macliincs, and had ceased to be the cumbrous masses 
of tfic preceding ages, which, wiUi few exceptions W’ere 
capable of little more than of being driven before the wnnd. 

If we consider the contents of the foregoing pages there Three 
will appear to be three epochs in the maritime history of‘^P®*'hs in 
England ; the first commencing with the introduction ofH*® 
galleys by Alfred, and ending witli the reign of Edward III., 
before whose time these gdleys and vessel* propelled by England, 
oars were the chief instruments of navigation ; the second 
ending with the reign of Henry VII., during which period, 
though sailing vessels were used for the purposes both of 
war and commerce, they were comparatively at the mercy 
of the winds and, speaking generally, could sail only when 
they blew both fairly and gently ; (he tliird qioch wc have 
alr^uly noticed. And henceforward we find the sister arts 
of navigation and naval arcliitcclure, if not always making 
rapid progress towards their present improved state, at least 
with no existing impediment to their ^vance towards that 
comparative perfection. 

We Ivavc seen, from the extract of tlie report of iheEliabetb. 
builders, the state of tlie navy during the reigns of 
ward VI. and of Mary. We know, therefore, that w hen EliTa- 
beth oscendi d the throne, the marine of England, both mi- 
litary and mercantile, was in a very depressed state. I he 
ftuccessfiil enterprise of Drake, and the fear of the Spanish 
Armada, aroused the energies of (he country, and the force 
collected to resist tlie invasion amounted to 197 vessels of 
various descriptions, of the aggregate burthen of nearly 
30,000 tons; thirty-four of which, measuring together 
12,600 tons, compo«ird the royal navy. It is true, that by 
far the larger portion were of small force. One only, llie 
Triumph, was of 1 100 tons; anntJier, the White Bear, was 
of 1000 tons ; two were of 800 tons, three of 600, six of 
500, and five of 400; sixty-six were under 100 tons; and 
fitleen were victuallers, of which the tonmq'C is not men- 
tioned. There are also seven other vcwscls included in the 
197, w hich have no tonnage assigned them ; but they must 
liave been of smalt size, the number of mariners on hoard 
the w'liole seven being only 474. Wc have very conclusive 
means of comparing tJic Spanish w ilii (he English ships, and 
also of judging bow very little naval arrangements were 
then tmaerstood, from their imperfect state even on boarxl 
a fleet which had occupied the whole attention of the 
Spanidi authorities for a space of three years, exemplified 
in the following anecdote ; Burclicit, in hi* account of tlie 
action of the 23d of July 1588, says, “ The great guns on 
both sides thundered with extraordinary fury, but the shot 
from the higli-built Spanish shi}i« flew over the heads of the 
English without doing any execution ; one Mr Cock being 
the only EngHsIiman who felt, while he was bravely fighting 
against the enemy in a small vessel of his own.” 

The Spaniards oppear to have been the first to introduce Three- 
a third tier of guns, the earliest mention of a three- decker ‘1‘^ked 
being the Fluli|s a SpanUlt ship engaged in the action *^'l^ 
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History, off the Azores in 1591» with the Revenge, comm&ndeil by 
" - Sir Richird Greenvil. Tlic following armament of the 

Philip is extractetl from a most s^)int-stirring aLX^ount of this 
tremendous action, which was written by Sir Walter Raleigh, 
and has been presen-ed by HackluyU ” The Philip carried 
three tire of ordnance on a side, and eleven pieces in euerie 
tire. She shot eight forth right out of her chase, besides 
those of her stem portes.” 

We do not appear to have followed the example set by 
the Spaniards ; for, during the long reign of Elizabeth, the 
ships of the royal navy were not much, if at alt, increased in 
their dimensions, which was proliably uiving to the triumph* 
ant successes of her fleets, though, as we have seen, they 
were composed of ships generally much smaller in size than 
those opposed to them. We find from the list of the royal 
navy at the time of her death, in 1603, given by Sir William 
Monson in his tracts, that of forty*two ships composing the 
navy, there were then only two ships of lUOO tons, three of 
900, three of 800, two of 700, four of 600, four of 500, and 
there were eight under 100 tons burthen. Two of these 
ships, the Triumph and Uic White Hear, are rated in this 
list each at 100 tons less burthen than in the list of tlic 
fleet in the year 158$, which we have already noticed. 
James I. Shortly after the accession of James to llic throne, seve* 
Report of ral commissions were a^^inted to inquire into the state of 
j^vy. Prom tliat of the year 1618, a very voluminous 
report emanated, of which the following is an extract, that 
alfords an example of the state of knowledge on naval arcliU 
lecture at that time. The next com^idcration is tlie man* 
ncr of building, which Jn shipps of warr is of greatest im- 
portance, because therein com^ists both their sayling and 
force. The shipps that can saile best can take or leave (ns 
they say), and use all advantages the winds and seas docs 
afford : and tlieir mould, in tlie judgment of men of best 
skill, both dead and alive, should have the lengtli treble to 
the breadth, and breadth in like [>ro{)ortion to the depth, 
but not to draw above sixteen fooic water, because deeper 
shipps are seldom good saylers,and ever unsafe (or our rivers, 
and for the sliallow harbours, and all coasts of ours, or 
other seas. Resides, they must bee somewhat snugg built, 
without double gallar^'s, and too loRy upper w'orkes, which 
overcharge many fhi|)ps, and make tliem coomc faire, but 
not worke well at sea. 

** And for Uie strengthening the shipps, wee subscribe to 
the manner of building a|^oved by tlie late worthy prince, 
the lord admu., and the omcers of the navy (as wee are in- 
formed), on those points. 

** 1. In raakeing 3 orlopea, whereof the lowest being 
placed 2 footc under water, both strcngthenclh the shipp, 
and though her sides bee shott tl trough, kccpetli it from 
bildgeing by sliott, and givctli easier mcanc* to finde and 
stopp the Icakes. 

** 2. In carrying their orlopcs whole floored throughout 
from end to end, withotjt fall or cutting off y* wast, which 
only to make faire cabbins, luith decayed many shipps. 

3. In laying the second orlope at such convenient 
height that tlie portes may beare out the whole fire of or- 
dinance in all seas and weathers. 

** 4. In placeing the cooke roorocs in the forecastle, as 
olherr war shipps doc, because being in the midvliipps, and 
in the hold, the smoake and heate soc search every comer 
and seame, that they make the okam spew out, and the 
shipps leaky, and soone decay ; besides, the best roome for 
stowage of victualling ia thereby aoc taken up, that trans- 
porters must be hyred for every voyage of any lime ; and, 
which i« worst, when all the weight must bee cast before 
and abaft and the shipps arc left empty and light in the 
midst, it makes them apt to sway in the back, as the Guard- 
land and divers others have done.** 

This commission was followed by several others during 
this and the succeeding reign, and ^m their reports arose 



many regulations tending much to the Improvement of the Hiitory. 
navy, although the expenses incurred were, ostensibly at 
least, in part the means of causing the subsequent revolution. 

In the early part of the reign of James 1. the mercantile Mcrauuile 
navy of England was reduced to a verv low state, roost of of 
die commerce beiog carried on in foreign bottoms. The^P*”®^ 
incitement offered by the advantageous trade which the 
Dutch had lung engaged In to India at length aroused the 
nation, and the formation of the East India Company, which 
was the act of James, was followed by the building of the 
largest ship that had yet been constructed for the purposes 
of commerce, at least in England. The king dined on board Trade's la- 
of her, and gave her the name of the Trade’s Increase. She is eraase. 
reported to iiave been of the burtlien of 1200 tons. The im- 
petus once given, before the end of the reign of James an 
important mercantile navy was owned by Rritith merchants. 

Another interesting fact connected with this reign is the Ship, 
founding of the Shipwrigiits’ Company, in the year 1605, 
and which was incorporated by a cljarter granted to the^'®“P“’^* 

“ Master, Warden, and Commonality, of the Art or Mys- 
tery of ShipwrighLs” in May 1612. Mr Phineas Pett, of 
whom we shall presently spndc, was Uie first master. The 
draughts for the ships of tlie royal navy were subsequently Draught! 
ortlered to be submitted to this company for approval pre-«f of 
viously to being built from. They also Iwd jurisdiction over •••vjr. 
all builders, whetlierof the royal navy nr of merchant shi|>pmg. 

In 1610 the Royal Prince was launched; she was the Roys! 
largest ship which at that time hod been built in England, Prince, 
and was eUk) a most decided improvement in naval archi- 
tecture. The great projection of the prow, a remnant of 
the old galley, was for the first time discontinued, and the 
stem and quarters assimilated nmre to those of a modem 
slkip tlian to any which had preceded her. She is thus de- 
scribed in Stow*s Chronicles: **A most goodly slupfor warre, 
the keel whereof was 1 14 feet in length, and the cross beam 
was 44 feet in length ; she will carry 64 pieces of ordnance, 
and is of the burthen of 1400 tons. The great workroaster 
in building this ship was Master Phineas rett. Gentleman, 
some time master of arts at Emanuel College, Cambridge.** 

The same gentleman, Mr Phineas Pelt, continued thePhiiwas 
principal engineer of the navy during the reign of Charles. 

The family of the Petts were the great instruments in the 
improvement of the navy, and, if tlie term may be allowed, 
of modernizing it, by divesting the ships of much of the 
cumbrous top-hamper cntiuled on them from the castellat- 
ed defences which had been necessary in, and which yet 
remained from, the hand-to-hand encounters of tlie middle 
ages ; and it is probable that, but for the taste for gorgeous 
decoration wliich pro ailed during the seventeenth century, 
tills ingenious family would have been able to effect much 
more ; os it was, they decidedly rendered England pre- 
eminently the school for naval architecture during the time 
they constructed its fleets. This family can be traced as Tlie Prtts. 
principal engineers for the navy from about the middle of 
the ftfWentli century to the end of the reign of William III. 

Evelyn, in his Diary, relating a conversation, says, “ Sir First fti- 
Antliuny Deane mentioned wliat exceeding advantage weg»i«. 
of tills nation had by being tlie first who built frigates, tile 
first of which ever built was that vessell which was after- 
wards called the Constant W’arwick (built in 1646), and was 
the work of Pet of Cliatharo, for a trial of making a vessell 
that would sail swiftly. It was built with low dcck^ the guns 
lying near the water, and was so light and swill of sailing, 

Uial in a sliort time she had, ere the Dutch war was cndt>d. 
taken as much money from privateers os would have laden 
her.* The dimensions of this vessel are pven in Pepys’s 
Miscellanies as follows: Length of the keel eighty-five feet, 
breadth twenty-six feet five inches, depth thirteen feet two 
inches, and 315 tons burthen; her highest number of 
guns'* thirty-two, and of crew 140. 

Peter Pelt, who built the Constant Warwick, was the son Peter Pett 
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Hictorr. of Phioeaft Pftt. He the (act of hU bcin|; the in- 

^ ventor of the ftijfale to be recorded on hit tomb. He wat 
F^^hree- builder of tlie Sovereif^ of the Seat, in 1637, which 

wag the fir« three-decker built in Holland. Her length 
over all is stated to have been 232 feet, her IcngUi of keel 
128 feet, her main breadth forty-eight feet, and her tonnage 
1637. Heywood describes her in tlie following terms ; ** She 
hath three flush deekes and a forecastle, an luilfe decke, 
a quarter deckc, and a round-house. Her lower tyre hath 
thirty ports, which are to be furnislied with demi-cannon 
and whole cannon throughout, being able to l>eare them. 
Her middle tyre hath also thirty |>orts for demi-culvcrin 
and whole culvcrin. Her tliird ty^e hath twcntic-sixc ports 
for other ordnance. Her fbrecastlc hath twelve ports, and 
her halfe decke hath fourteene ports. She hath thirteene 
or foureleene ports more within board for murdering peccew, 
besides a great many loope-holes out of Uie cabins fur mus- 
ket shot. She carrieth, moreover, ten pecces of cfmse ord- 
nance in her right forward, and ten right atf ; that is, ac- 
cording to land scn ice, in the front and the reare. She 
carrieth cleaven anchors, one of Uiem weighing foure thou- 
sand foure hundred, &c. ; and according to thc^ are her 
cables, mattes, sayles, cordage, wliich, considered together, 
seeing Majesty is at this inHiiite cltarge, both for the ho- 
nour of his nation, and the security of his kingdome, it 
should bee a spur and encouragement to all hisfaithfld and 
loving subjects to bee iiberall and willing contributaries to- 
wards the ship money.” Plate CCCCXLIX. 

Of this sliip, Fuller, in his Worlliies, says ** The Great 
Sovereign, built at Woolwich, a leigrr ship for state, is the 
greatest ship our island ever saw ; but great medals are 
made for some grand solemnity, while le&ser coin are more 
current and passable in payment.” She was afterwards cut 
down one deck, and remained in the service, with the cha- 
racter of the best man-of-war in the world, until tlic year 
1696, when she was acddcntally burnt at Cliatliain. 

Sir Wslter About this time, 1650, appeared tlie first work connected 
» prith naval improvement ever written in this country, and 
r*vfniLjn celebrated an author than Sir W’aller Uideigh. 

of ^bip* prob(d)Ie that his two discourses, (he one on the 

pin^; Con- Invention of Shipping, tlie other Concerning live Uoyal 
ceminf the Navy and Sea-Service, liad great influence in creating the 
Royal Xivy interest which was evidently taken about tliis period in the 
Md Sea- improvement of the navy. Sir Walter says, “ W'hosoever 
crvicc. inventors, we find that every age had added some- 

wlut to ships and to all things else. And in ray ow nc time 
the shape of our English ships hatli been greatly bettered. 
It is not long since the striking of the top-mast (a wonder- 
fully great ease to great shim both at sea and harbour) hath 
been devised. Together with the cliaine-pumpe, which takes 
up twice as much water as the ordinary did, we have lately 
added the bonnett and the drabler. To the courses we have 
devised studding-iayles, top-galLant-sayles, sprit-sayles, top- 
sayles. The weighing of anchors by the capstane is also 
newr. We have fidlen into consideration of the lengtli of 
cables, and by it wc resist Uie nudice of the greatest w inds 
that can blow ; witnesse our small Milbroke men of Corne- 
wall, that ride it out at anchor half seas over betweenc Eng- 
land and Ireland all Uie winter quarter ; and witnesse Uie 
Hollanders that were wont to ride before Dunkirke with 
the wind at north-west, making a lee-shore in all weathers ; 
for true it is that the Irngth of the cable is the life of the 
ship in ail extremities ; and the reason is, because it makes 
so many bendings and waves as Uie ship riding at that 
length is not able to stretch it, ami noUiing breaks Uiat is 
not stretched. In extremity, we carry our ordnance better 
than we were wont, because our nether-ovcrlonps are raised 
commonly from the water, to writ, betweene the lower part 
ot* the port and the sea. We have also raised our second 
decks, and given marc veat thereby to our ordnance, tying 
in our neUKr-overloope. 



“ \Ve have added crocse pillars in our royall ihips to THatory. 
strengthen them, which being fastened from the kelson to the 
beams of the second decke, keepe them from acUlng or from 
giving away in all distreases. 

** Wc have given longer floares to our sliips than in elder 
times, and better bearing under water, whereby they never 
fall into the sea after the head, and shake the whole body, 
nor sinck sterne, nor stoope upon a wind, by wrhich the 
breaking loose of our ordnance, or the not use of them, 
with many other discommodities, are avoided. And to say 
the truth, a miserable shame and dishonour it were for our 
shipwrrights, if they did not exceed all other in the setting 
up of our royall sliips, the errors of other nations being farre 
more excusable than ours. For the kings of England liave 
for many years been at the charge to build and furnish a 
navy of poweriul) ships for tlicir ownc defence, and for the 
wars only ; whereas the Frencli, Uie Speunards, the Fortu- 
galls, and Uic Hollanders (till of late), have hod no proper 
fluete belonging to their princes or states. 

“ Only the Venetians for a long time have nuuntained 
their arsenal of gallyes, and the kings of Denmark and 
Sweden have had good ships for Uicae last fifty years. I say, 
that the forenamed kings, especially the Spainards and For- , 
tugaltm have ships of great bulke, but fitter for the mer- 
chant than the man of warre, for burthen thea for battailc. 
...Althougli we have not at this time 135 ships belong- 
ing to the subjects cd* 500 tuns each sliip, as it is said we 
liud in Uie 24th yeare of Queen Elizabeth, at which time 
also, upon a genci^l view and muster Uicre were found in 
England, of ul men fit to bcare arms, eleaven hundred and 
seventy-two Uiousand ; yet are our merchants' sliips now 
farre more warlike and better appointed tlian they were, 
and the royal navy double as strong as then it was.. ..We 
have not therefore lesik; force than we had, the fashion and 
fumisliingof our sliips considered ; fur there are in England 
at this time 400 saile of mercliants fit for Uic wars, which 
the Spainards would call galHons ; to which we may add 200 
saile of cnimsters or huyea, of NewcasUe, which each of 
them will bear six demi-culverins, and foure sakers, needing 
no c^icr addition of building Uian a slight spar-decke fore 
and aftc, as the seamen caJl it, which is a slight decke 
throughout. 'I'lic 200 which may be cliosen out of 400, by 
reason of their ready staying and turning, by reason of their 
windwardnesse, and by reason of theirdrawingofliule water, 
and they are of extreame vantage rveere the sboare, and in 
all haves and rivers to turn in and out ; Uit^, 1 say, alone, 
well manned and well conducted, would trouble the greatest 
prince in Kunipc to encounter in our seas; for they stay and 
turn so readily, as, ordering them into small squadrons, three 
of them at once may give Uieir broad.sides upon any one 
great ship, or upon any angle or side of an enemy's fleet. 

They sli^ be able to continue a perjietuall volley of demi- 
culverins without intemussioii, and cither sink or slaugh- 
ter Uie men, or utterly disorder any fleelo of croase sailes 
with which they encounter. 

** I say, tlien, if a vanmiard be ordained of these hoyes, 
who will easily recover Uie wind of any other ships, with a 
battailc of 400 oUicr warlike ships, and a reare ot Uiirly oi‘ 
his majestie’s sliips to sustaine, relieve, and ootmtcnancc the 
rest ( if God heat Uiem nut), 1 know not what strength can 
be gathered in all Europe to beat them. And if it be ob- 
jected Uvat Uie states can furnish a farre ^eater number, 1 
answer, tliat his majestie's forty shi|>s, added to 600 before 
named, are of incomparable greater Tiwce than all that Hol- 
land and Zeeland can fumisli ibr wars." 

In the foregoing extract, we have strong evidence thatj^bip, of 
the ships of Uie royal navy were generally inferior to thoseroysl nsvy 
employed by the merchant-service, in the essential quaJifi-mfimor ta 
cations of being wcatlierly. This is exacUy the conclusion 
that might be arrived at from the consideration, that a pri- ^ 
vote individual would diiqicuse w iUi all that superabuodance 
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HUiory. of top>hsmper which was entailed cm the ships of the royal 
na%y, by the accommodation required for the numerous 
olGcers and ^ntlcmeo generally embarked on board them, 
and also by the mania fur gorgeous decorations. This mania 
is well eactnplihed by tlie fact, that of the Sovereign of 
the Si'as it is stated. “ she bcarelh tivc lanthurnes, the 
biggest of which will hold ten persons to stand upright, and 
without sliouldring one another* 

Sir Waller Raleigh, in his Discourse on the Royal Navy 
and Sea>Servicc, adverts to the same subject. He says, 
** We hnd by experience, that the greatest shttrs are lesae 
serviceable, goe very deep to water, and of tuarvellous charge 
and fearefull cumber, our ciumneUs decaying every yeare. 
Besides, they are Icssc nimble, lease roainrable, and very 
scldome imployed. Grande nacio. grande fatiea, saith tl\e 
Spainard ; a ship of 600 tons will carry as good onlnance as 
aship of ItiOO tons; and though the greater have double the 
number, tlie lesser will turnc her broad sides twice before 
the greater can wend once ; and so no advantage In that 
overplus of ordnance. And in tlie building of all shijm, 
these six things are principally required. 1. First, that slic 
be strong built ; 2. t^'ondly, that she be swUl ; 0. Thirdly, 
that she be stout sided ; 4. Fourthly, that she carry out her 
guns ail weather ; 5. FiRldy, that site hull and try well, 
which we call a good sea sJiip ; 6. Sixthly, that she stay 
well when bourding and turning on a wind Is required. 

1. To make her strong, consisteth In the truth of the 
workeman and the care of the officers. 

“ 2. To make her rayle well, is to give a long run for- 
ward, and so ai\crward done by art and just proportion. For, 
as in laying out of her bows before, and quarters behind, 
slie neither sinck into nor liang in tlie water, but l)*e cleare 
off and above it; and tliat the shipwrights be not deceived 
herein (as fur the most part they have ever l>een), they 
must be sure that the ship sinck no deeper into the water 
than they promise, for otherwise (he bow and quarter will 
utterly spuile her sayling. 

” 3. That she be stout, the same is provided and per- 
formed by a long bearing floore, and by sharing off alMve 
water even from the lower edge of the ports. 

** 4. To carry out her ordnance all weather, this long 
bearing Hoore, and sharing off from above the ports, is a 
chiefe cause, provided olwayes iliat yuur lowest tyre of ord- 
nance must lye foure foot cleare above water when all load- 
ing is in, or else lliose your best pieces will be of small use 
at the same in any growne weather that makes the billoe to 
rise, for then you shall be enforced to take in all your lower 
ports, or else haaard the ship. 

“ 5. To make her a good sea ship, that is, to hull and trye 
well, there arc two tilings specially to be observed ; the one 
that she have a good draught of water, the other that she 
be not overcharged, which commonly the king's ships are, 
and tlierefore in them wc axe forced to lye at trye with our 
maine course and niissen, which, witli a deep keel and 
standing streake, she will performe. 

“ 6. The hindertnee to stay well is the extreame length 
of a ship, especially if she be floaty and want sharpnesse of 
way forwards ; and it is most true, that those over-long ships 
are fitter for our seas than for the ocean ; but one hundred 
foot long, and five and thirty foot broad, is a good proportion 
for a great ship. It is a spedall observation, tliat all ships 
sharpe before, that want a tong floore, will &1I roughly into 
the sea, and take in water over head end ears. 

** So will all narrow quartered ships sinck aAer the tayle. 
Tlie high charging of ships is it (list brings them all ill qua- 
lities, makes them extreame leeward, makes them sinck 
deep into the water, makes them labour, and makes them 
overset Men may not expect the ease of many cabbins, 
and safety at once, in sea-service. Two decks and a half is 
sufficient to yield shelter and lodging for men and mariners, 
and no tnoro charging at all h’gher, but only one low cab- 



bin for the master. But our nwriners will say. that a ship IFlvtivy. 
will bcarc more charging aloft for cabbins, and that is true, 
if none but ordinary marryners were to serve in tliem, who 
arc able to endure, and arc used to, the tumbling and rowl- 
ing of ships from side to side when the sea is never so little 
growne ; but men of better sort and better breeding would 
be glad to find more steadinessc and lease tottering cadge 
work. And albeit, the marrinem doe covet store of cab- 
bins, yet indeed they are but sluttish dens, that bread sick- 
ncssc in peace, serving to cover stealthu, and in fight arc 
dangerous to tearc men with their splinters.* 

In Fuller's Worthies, we have also a short summary ofrultrr** 
the comparative qualities of the shi|» of diflercnl nations in "'grthics. 
the middle of the seventeenth century. It is as follows: 

“ First, for the Portugal, his carvila and caractis whereof 
few now remain (the cliarges of maintaining them far ex- 
ceeding the profit they bring in) ; they were the veriest 
drones on the sea, the rather because formerly their seeling 
was darn'd up with a certain kind of morter to deail tlie sliot, 



a fasliion now by them disused. 

The French, however dexterous in land-battles, arc 
left-handed in sea-fights, whose best ships are of Dutch 
building. The Dutch build llieir ships so floaty and buoy- 
ant, they have little hold in tlic water in comparison to ours, 
which keep the better windc, and so outsail them. 

** The Spanish pride hath infected their sliijis with lofti- 
ness, which makes them but the fairer markes to our shot. 

Besides, the winde hath so much power of them in bad 
weather, so that it drives them two leagues for one of ours 
to the leeward, which is very dangerous upon a lee sliore. ; 

♦* Indeed Uie Turkish frigou, esjK-cially some thirty-six 
of Aigier, formed and built much nearer the English mode, 
and manned by renegadoes, many of them English, being 
already too nimble heel'd for the Dutch, may hercal\er 
prove mischievous to ua, if not seasonably prevented." 

During the early part ot* the seventeenth century, UicRiw of 
Dutch navy rapidly increased in im|>ortance. Their sue* l>uirb n«. 
cess in having wrested from the Portuguese a share of the’^ power, 
commerce of the east, emboldened them, in the then de- 
pressed state of the Spanish marine, to make a similar at- 
tempt on the west, and endeavour to establish settlements 
in ^uth America. 

The wars with Spain, in which they were consequently 
engaged, had such an important efl'ect in establishing their 
maritime power, that in IB.'iO their navy consisted of 120 
vessels titled for war, seventy of which had two tiers of 
guns ; and their fleet was in all respects the most eflicient 
in Europe. 

Evelyn, in his tract on Navigation and Commerce, speak- F.vdyn't 
ing of the fisheries, says, “ Holland and Zeeland alone Nsvi^*- 
should, from a few despicable boats, be able to set forth 
above 20,000 vessels ot all sorts, fit for the rude 
which more than 7000 arc yearly employed upon this oc- 
casion. 'Tis evident tliat by this particular trade they are 
able to breed above 40,000 fishermen and 116,000 mari- 
ners, as the census (1639) has been accurately calculated." 

The tremendous struggle in which they were enabled by 
these means to engage with us shortly oft?r this period, in 
consequence of the injurious operation of the navigation act 
on their commerce, had a most influential effect on the im- 
provement of our navy, which at the commencement of the 
contest was very unequal to that of the Dutch ; and it is 
probable that this war was ths means of enabling us to con- 
tend triumphantly against the immense and unexpected at- 
tempts of Louis 5CI V. to wre«t the sceptre of the seas from 
our grasp. 

The sovereigns of the house of Stuart, without cxccp- Charlei L 
tion, appear to have devoted much attention to the improve- 
ment of the navy. Charles 1. may be almost said to have 
lost both crown and life in consequence of these efforts ; 
nor would it be doing jusUcc to Cromwell to omit mentioa 
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History, of the energy with which he took odv&ntAge of the rJI but 
despotic powerwhichhcpoAsctted to increase his naval force. 
For this purpose not only many ships were built during the 
protectorate, but numbers of mcrchant>vesscis were bought 
for the service of the stale. 

CHsrlesIf. Af\er tlie restoration, Charles II. paid great personal at- 
Hif pervo- tention even to Uie minutisofhis navy, as we hnd by the 
Dsl sttea- following curious extract from a letter of his to Prince Ru- 
slun-BuiM- stale-papers, and also by continual 

injf aiu) references to hU naval predilections in Evelyn’s and Pepys’s 
naval aT> Memoirs and writings. The letter is dated 4th August 
fairs. 1673. It lavs, “ I am very glad the Charles does so well ; 

a gerdcling this winter when she comes in will make her the 
best ship in England j next summer, I believe, if you try 
the two sloops that were builte at Woolidge that have my 
invention in them, they w'ill outsail any of the French sloofjs. 
Sir Samuel Moorcland has now another fancy about weigh- 
ing anchors ; and the resident of Venice has made a mc^el 
also to the same purpose. We have no* yet consulted them 
with Mr Tippet nor Mr Deane ; but hope when they are 
well considered, we may find one out of them that will be 
good." 

Sir Anlho- In Pepys’s Diary, 19th May 1666, we find tlic Ibllow ing 
ny Dtane. notice relating to one of the gentlemen mentioned in the 
above letter : ** Mr Deane and 1 did dUcoursc alwut his 
ship the Rupert, which succeeds so well, as be has got great 
honor by it, and I some by recommending him. The king, 
duke, and every body, say it is the best ship that was ever 
built. And then he fell to explain to me his manner of 
casting the draught of water which a ship will draw before- 
hand, which is a secret tlie king and all admire in him t and 
he is the first that liath come to any certainty beforehand 
of foretelling the draiight of water of a ship before she be 
Pint sp- launched." This gentleman appears therefore to have been 
plii^tion of jjig appli^ mathematical science to naval archi- 

Uad in this country. Pepys also says, “ another great 

Ution to **l^pnnd imfWOverocDl toour navy, put in practice bv Sir An- 
nsral ar. tliony Deane," was cffccteil in the Wars[«ighl and defiance, 
cbitecture. w l)ich were ** to carry six roonths^rovisiuns, and their guns 
to lie 4| feet Irom Uie water." This was in 1 665. 



We have hitherto in our historical sketch several times Hittorr. 
adverted to the probability that the merchant-shipping 
England were superior in their sea-going qualities to those 
composing the royal nav-y. In a ** Discourse touching tbe^ 

Past and Present State of tlic Navy," ky Sir Robert Slioge- 
by, knight -baronet, and comptroller of the navy, dated 1069, 
we have the following interesting statement, which points 
to a reason why this superiority of the merchant-shipping 
may have existed. ** But since these late distractions be- Decay of 
gan at home" (the Commonwealth), ** fo.Ttigne trade 
cayed, and merchants so discouraged from building, that^*''^* 
there hath been scarce one good merchant-ship built these 
twenty years past ; and of what were then in being, dther by 
decayes or accident, there are very few or none rc.naining. 

Tlie merchants have found their private conveniences in 
being convoyed att the publick charge ; they take noe care 
of making defence for tlicmsclves if awarr should happen." 

Yet he says in the time of Charles I. ** the merchants con- 
tinued their trade during the wars vrilh France and Spain, 
if there could but two or three consort together, not care- 
ing who they met," they being little inferior in strength or 
burthen to the ships of the royal navy. The Discourse ex- 
presses much regret at this decay in the importance of the 
mercantile shipping, and recommends that measures should 
be taken to check the evil. 

About IGS4 Sir Richard Haddock, comptroller of theSbRich. 
navy, adopted tlie example already set by Mr, aRef wards srd Had. 
Sir Anthony Deane, and directed an inquiry to be made as*^*^* 
to ** the number cube feet that arc contained in the First aca. 
bodyes of several draughts to their main water-line, when of th« 
all materialls are on board fitt for sailemg.” The result of “vy. 
this inqui.'y was a very voluminous stalement of the weights 
which made up the whole dispUccisent of the fi)u.lh, fiRh, 
and sixth rate ships, including minute details of their masts, 
ytrdfl, armament, &c. accompanied by perfect drawings of 
each ship. The original document is now in the possession 
of the writer of this article, having successively belonged 
to Sir Jacob AckwcM-Ui, Sir Jacob Wheate, and Mr Edward 
Hunt The following tabic contains the dimensions and 
di^placemeots, Ac. of each class. 



Tabu of Dimtntumt^from a Mantucript daUd 1684. 
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14 
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5 
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64 
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7 
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70 
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60 0 
73 0 
10 0 
11 0 
230 
90 
22 



Vest la.| 
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Ristorr. James 11^ from having »o long and so gloriously Btled 
the office of Lord High Admiral while Duke of York, was 
James II. perfectly aware of the requirements of the navy ; and du- 
ring hU short reign be paid great attention to increasing 
its efficiency. Hu also cspecioJly directed inquiries into the 
question of the durability of timber for tho construction of 
it, and carefully accumulated bc^th materials and stores for 
„ its maintenance* It is not a little curunu that it was pro- 
bably the attention which the roonorchs of the line of 
Stuart had bestowed on the naval service, which enabled 
it so triumphantly to resist (he persevering attempts of 
Louis XIV. to recover for them the tlironc of their an- 
cestors. 

The Rcri>- Though England was at the Revolution po» cased of an 
lutioD. efficient Heet, manned by experienced seamen, who had all 
the confidence arising from a series of naval triumphs, it 
must bu remembered that for o long period no opposition 
to her naval superiority had been anticipated from any other 
power than Holland; and consequently the fleets of England 
were composed of ships which had many of them been built 
to adapt t^m to this service, for which small dimensions 
and light draughts of water were essential qualifications, on 
account of the shoalnoss of the Dutch coast. 

>VUiu» WUliara was too cautious a monarch to have neglected 
HI. so important a means of national defence, as was tlic navy 
when engaged with cuch an ambitious and energetic oppo- 
nent as Ivoutg XIV. ; and we find that the naval force was 
considerably increase;!, both numerically and in dimensions, 
during his reijp. But the triumphs of our armies umler 
Marlborough raving for a time diverted the attention of 
the nation from naval affairs, it fell into decay during the 
reign of his succcKSor. 

Ixmi'XIV. When I*ouis XIV. determined to dispute with England 
for the sovereignty of the seas, he was not only witliout a 
navy, but with^t the means of forming one. The mili- 
tary and commercial marine of France had ceased to exist. 
Ilisf of The sanguine temperament of the monarch, and the wis- 
ns-dom of his minister Colbert, removed all obstacles; com- 
vsl power, tnerce began to flourish on the quays, merchant-vessels to 
crowd the ports ; dock-yards, harbours, and shipping appear- 
ed simultaneously to siart into existence; and the nation, 
which almost for centuries had been essentially military, 
felt constrained to turn its energies to commerce and to 
the sea. A navy which in 1661 consisted of some four or 
five small vessel in little more than ten years bearded and 
baffled the combined fleets of Holland and of Spain, and 
asserted the covercignty of the Meditcrnuiean. In 1681 
her fleets consbted of 115 linc-of-batde ships, manned by 
SG,440 men, with 179 smaller ships, the crews of which 
amounted to dU37 men ; ar.d in l6tK) a fleet of eighty-four 
vessels of war, out of which tl;rcc were of a hundred guns 
and upwards, and ten others were above eighty-four guns, 
with twenty-two fire-ships, was cruizing in the British seas. 
It is true tliat thcao mighty armaments failed in fulfilling 
the anibitimu desims of Louis. But the severity of the 
struggle, which at length ended in the annihilation of his 
hopes, and in our triumphant a&sertion of our naval supe- 
riority, must always cerve as en example of llie danger we 
may incur by too groat confidence in that superiority. 
Coinptri- We liave the following comparison between tlie French 
son l«. and British ships of about this period, from an official con- 

twevn temporary paper, by a gentleman of the nanve of Gibson: 

h ** being for the most part shorter, are made to 

carry more shott than t, French gunr; of like weight, tlicre- 
fore the Frencli guns reach further, end ours make a bigger 
hole. By this the French has i)ie advantage to fight at a 
distance, and wee ynrd-arm to yard-arm. The like advan- 
tage wee have over them in shipping ; although tliey are 
broader and carry a better satle, our sides are thicker, and 
better able to receive their shott ; by this they are more 
sid)ject to be sunk by gunn tbou than wee.* 



The paper also complains much of tJic injudicious ma- History, 
nageukent of our shqiping, by which it says, " many a fast 
say ling sliipp liave come to loose that property, by being 
over-masted, over-rigged, over-gunned {as the Constant 
Warwick, from twenty-six gunna, and an incomparable ufroy^l 
sayler, to forty-six gunnt and a slugg), over-manned (vide navy, 
all tlie old shipps built in the parliament time now left), 
over-bmll (vide the Ruby ana Assurance), and havcing 
great tafferills, gallarys, 5cc., to the making many formerly 
a stiff, now a tender-sided shipp, bringing thereby their 
head and tuck to lye too low in tlie water, and by it takeing 
away their former good property in steering, sayling, Ac. 

The French by this defect of ours make warr with the 
sword (by sending no small shipps of warr to sea, but clean), 
and wee, by crusciog in fleetes, or single sliipps fuulc, with 
bare threates.* 

Giamock drana some curious parallels between the state Clisrsock ‘1 
of the two navies of France and England during the ear)ier®P‘"'oo* 
half of the eighteenth century, which may be summed pariA. 

in a few words. That when the French took an English‘d 
ship, it was seldom admilted into Uicir navy ; or, if admitted, 
it a*as only at a much lower rating, os, for instance, the Pem- 
broke, a sixty-four in our service, became a fifly-gim sliip 
in tlieirs. That in cases when an English fleet was in 
chase of a French fleet, it was ships whicli were British built 
which fell into our }>oasession ; but that almost on every oc- 
casion the French ships could evade ours. That tlic losses 
sustained in the French navy by foundering at sea, or by 
wrecks, were principally those ships which had been taken 
from us. That, on the contrary, the favourite ships in our 
fleets were those which had b^n taken from (he French, 
and the instances in which French ships in our service were 
ever recovered possession of by them were extremely rare ; 
we as far excelling them in all that related to the ma- 
noeuvres and management of sliips as they did us in design- 
ing (hem. 

In consequence of the lUUe attention bestowed upon the 
navy during the land-triumphs of Marlborough, it was found 
absolutely necessary, at the commencement of tlic reign of 
George I. that vigorous measures sliouJd be taken to re- 
establish it. Much pains were bestowed during this and the 
succeeding reign of George II. to improve its efficiency. 

The dimenuoiis and (he armament of the ships composing 
it underwent frequent revituds, and many valuable acces- 
sory improvements were made. SliU it was evident that 
the perfect seamanship of the officers, and the untbiunted 
valour of their crews, were frequently rendered nugatory 
by the superior qualities of the ships of their opponents, and 
the nation reap^ little more than empty honour from 
the contests in which she engaged ; the heavy sailers 
of England being unable to prevent her colonics and her 
commerce from suffering severely from tlie attacks of the 
light squadrons of her enemies. The naval commanders 
of England were constant in their complaints of the com- 
parative inferiority in speed, in stability, and in readiness 
of roanoeuvriiig, of the ships under their command. 

In a letter from Sir Geoi^e (aflerwards Lord) Rodney, l.<ml Rod. 
dated the SJst May 1780, to Mr St<qdiens, the secretary of Qvy. 
the Admiralty, is a passage which proves in a remarkable 
degree the truth of the above statement. Nothing could 
induce them (the French fleet), to risk a general action, 
though it was in their power daily. They made, at differ- 
ent times, motions which indicated a desire of engaging, 
but their resolution failed them when they drew near; and 
aa tliey sailed far better than his majesty's fleet, they with 
ease could gain what distance they plcas^ to windward.* 

One great cause of the inferiority of our ships arose firomCsuae of 
the practice which prevailed during the first half of theinfi'rionty 
eighteenth century, through a mistaken idea of economy, ^ 
of ** rebuilding^ old ships, ao that, in fact, the forms and'^ I’** 
dimensions the pevioua century passed down tn masy 
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Hirt ory. inaUnces ne&riy to the end of thi» | and, with little atretch 
of the imagination, we may suppose, that under a conti- 
nuation of the same ill-judged system, we should have had 
the representations of the carracks and galleons of the 
reign of Elizabeth in the fleets of the present day ! 

French X French system of improvement was followed by the 
‘Spaniards, and the capture of the Princessa in 1740, of 
bpaio. *t*veiUy guns, 165 feet in length and forty-nine feet eight 
ioclu'S in breadth, when our shi(is of the same force then 
building were only 161 feet Icmg and forty-three feet six 
inches broad, caused an appeal to be made by the Admi- 
rallv to Admiral Sir John S'urris, tlie Uieu naval oracle" 
of England. The consequence of the inquiries was, that 
the several mastcr-shipwrighta were directed to send in 
proposids for the future established dimensions of the navy ; 
and in 1745 the Admiralty issued a new establishnumt lor 
the dimensions of the several ratings of shiiis. The follow- 
ing table, taken from Derrick’s Memoirs of the Royal Navy, 
contains the various established alterations from the reign 
of Charles II. to this of 1745, wbicli was the last. Since 



Improve. 
tupDii at- 



lljcn there has been considerable imprOTement. but there History, 
liavc been no flxed tables as established dimensions, at least 
none involving all the ratings. 

The ships built aflcr the establishment of 1745 are re- 
ported to have been stiff, and to hare carried their gtms 
well, but were still inferior to those of tlte French ; and, 
Gonsecjuently, about ten yean allenrards an alteration was 
made m the draughts for the several ratings, and the di- « 
mensions were also slightly increased. It may not be un- 
interesting to remark, that the proportional breadths in 
tl»e establishment of 1745 considerably exceeded these of 
more modem sliips. Their breadth varied from to 
of their lengths t while, at the fwesent time, with the ex- 
ception of those built aAer the designs of the present sur- 
veyor of the navy, the breadths of moat of our line-of-battle 
ships are within the limits of and of their lengths. 

We merely state this as a historical fact, not as advocat- 
ing an undue increase cd* breadth. The question of the re- 
lative pro[XKtiuns of (he dimensions of ships belongs to an- 
other portion of tins arbcle. 



j4n AccoNJii shotciftff (he Dimensions establisJicdi or proposed to be estuhlishedy at differesU times, for Duildin^ <f Ships, 
Extracted from Derrick’s Memoirs of the Royal Saey. 











PrmiQied la 


E<cnbliia. 
nrnt cC 
ITU. 




I«T7. 


m\. 


ITQS. 


(71S. 


irxa. 


l?4t. 


Ships of 100 Guns. 


Pt. In. 


Ft. la. 


n. la. 


ri. la. 


IV la. 


Ki. In. 


Ft. la. 


Length on the gun-ilrck... 


ir>5 0 


... 


... 


174 0 


174 0 


175 0 


178 0 


Length of (be keel, for tonnage......... 


137 8 


... 


... 


140 7 


140 7 


U3 4 


144 61 


nreodiU, extreme.... 


46 0 






50 0 


50 0 


50 0 


51 0 


l>cpth in bold. 


19 2 




... 


20 0 


20 8 


21 0 


21 6 


Burthen in Ions 


liiQ 




... 


I8G9 


1869 


1893 


20.'0 


do. 
















Ijcngtb on the gun-deck............ 


]58 0 




183 0 


164 0 


166 0 


168 0 


170 0 


I.engt!, of the keel, for tonnage.. 


... 




132 0 


133 5 


134 1 


137 0 


138 4 


Rrcsiith, extreme........ 


44 0 




47 0 


47 2 


47 9 


48 0 


48 6 


Dt'pth in hold 


IB 3 


... 


IB 6 


18 10 


19 6 


30 3 


20 6 


Burthen la tons 


1307 


... 


1551 




1623 


1679 


1730 


I^ength on the gnn-dcck.... 




UO 0 


136 0 


158 0 


158 0 


161 0 


105 0 


I-engih of the keel, fur tonnage......... 


... 




127 8 


13B 2 


137 8 


130 10 


134 10| 


fimuttli, extivme 


. 


41 0 


45 0 


44 6 


45 5 


46 0 


47 0 


ileptb in hold 


... 


17 4 


17 8 


IR 3 


18 7 


19 4 


20 0 


Burllten in (ooa 


... 


1100 


1283 


1350 


1400 


1472 


IIMU 


70. 
















I>cngib on the gundeck.................. 


luO 0 




l.’iO 0 


151 0 


151 0 


154 0 


160 0 


I.ragib uf the keel, for tonnage 


... 




}ii 0 


123 3 


133 0 


135 5 


131 4 


Breadth, extreme 


39 8 




41 0 


41 6 


43 5 


44 0 


45 0 


Depth in bokl 


17 0 




17 4 


17 4 


17 9 


18 11 


19 4 


Bunhec to tons........ 

00. 

f#rngth on the gun.deck 


1013 




1069 


1138 


1334 


1291 


1414 




144 0 


144 0 


144 0 


144 0 


147 n 


150 0 


|.engih of the ketd, for tonnage......... 


... 




119 0 


117 7 


116 4 


119 9 


123 01 


Breadth, extreme 




37 fi 


38 0 


SO 0 


41 5 


42 0 


42 8 


lte|>(h in hold 




15 8 


15 8 


16 6 


16 11 


18 1 


18 6 


BurU»eD in tons 


... 


900 


914 


951 


1066 


1123 


1191 


50. 

r.engtb on the gun^deck 


.. 




130 6 


134 0 


1.34 0 


140 0 


144 0 


l-enftth of the k«‘vl, for tonnage......... 


... 




188 0 


109 8 


108 3 


113 9 


117 


Breadth, extreiike 


... 




35 0 


36 0 


38 6 


40 0 


41 0 


Drpih in hold. 


... 




14 0 


15 2 


15 9 


17 31 


17 8 


Buribco in tons 


... 


... 


704 


755 


853 


968 


1052 


I.rngth cm the gun-deck 


... 




118 0 


134 


124 0 


136 0 


133 0 


l.eiigth of the keel, fur tonnage......... 


... 


... 


97 6 


|01 8 


loo 3 


102 8 


108 10 


Breadth extreme 


... 




32 0 


33 2 


3.1 8 


36 0 


37 8 


Depth In hold.. 


... 




13 6 


14 0 


14 6 


15 5i 


16 0 


Burthen In tons 


... 




5.31 


504 


678 


706 


814 


20. 

l.engtli im the gun-deck.*.-.........-. ... 


... 


... 


... 


lOG 0 


106 0 


112 0 


113 0 


I^rngih of the krel, fur tonnage 


... 




... 


87 8 


65 8 


91 6 


f * 


Breadth, extreme...... 


... 




... 


38 4 






33 0 


Drpth In bold — • 


... 




... 


9 2 


9 5 


11 0 


II 0 


Burthen in tons - 


... 




... 


374 


439 


498 


508 



BotiI The Royal George was the first sl»ip built on the increas- inquiry. She was laid down in 1746, and launched in I75flt 
t^nuge. ed dimensious, witicli were the result ol the before-mentioned and rather more than ten years afterwards, tliat is, in 1758, 
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llUtorjr. the Triumph end Valiant icrenty-fbur guru were built 
the lines of the Invincible, a French 8cventy>four>gun 
ship, ca|Hurctl in 1747. 

*“ VVe give the iliraenaions of these sHipa, as they were ma- 
nifestations of an improved system, which, however, was 
not persevered in { for, with the exception of occasionally 
building afler a French or Spanisii model, the English ships 
were scarcely altered from those built at the commence- 
ment of the century. 





Royal 

George. 


Triiiinpb aiid 
Valiiuit. 




Fort. In. 

178 0 
U3 5k 
51 Ol 

n 6 

2047 


F«et. In. 

171 3 
138 8 
49 9 
21 3 
1826 


1-ength of the keel, for tonnage... 









Grand dis- There was still a very essential distinction between the 
tinetkm navy of England and that of either France or Spain, which 
heiwwn . that until allcr 1763 neither of tlicse nations had 

any three-deckers in their flecta Their largest armament 
appears to have been eighty-four guns oo two decks, while 



we had third-rates which were three-deckers, as the Cam- History, 
bridge and Princess Amelia, launched in 1754 and 1 757, 
and carrying only eiglity-fuur guns. The capture of the 
Foudroyant, a French eighty-four on two decks, in I75H, 
caused a change In this respect, by furnishing the English 
with a model fur a very superior class of men-of-war, which 
was adopted. Derrick, in his Memoirs of the Royal Navy, 
says, that no eighty-guo ship wIUi three decks was built 
at\pr Uie year 1757, no scvcnty-guo ship after 1766, nor 
any sixty-gun ship after 1759.” 

During the peace tliat prccctlcd the war with America, French- 
which commenced in the year 176B, the French had in- built three- 
trotluced three-deckers into their fleets having found tlieir d«l!«rs. 
cighty-fotirs on two decks to be no match for the more 
puweHul of our three-deckers. Their first-rates were at 
tliis time generally of a hundred and ten guns oo three 
decks. The Rretagne, one of these ships, was, according 
to Char nock, a hundred and ninety-six feet three indies long 
on tlic water line ; and her moulded breadth was fifty-three 
feet four mches. Her displacement, it is stated in Sewell's 
Collection of Papers on Naval Architecture, was 4640 
EngUsii tons. 

In 17b6 the establishment of the French fleet was fixed FatsblUh- 
by an ordinance, as according to Uie following table, which meat of 
we extract from Chamock. Frendi 

fleets. 





Ship* «r 130 
ljutw. 


ShlsHoriK) 


shi],tnrao 

Ouai. 


StMflOfU 

UtMU. 


sM^orst 


Frl|»te« 

carrying la 
FoitaSm. 


Friasts* 

rarrpna II 
Finithiwts. 


CorrrttM 
o( SbOum 


Advice- 
bnat*. rw- 
rr^nf fo«r 
t PoufiSm 




. Fi*1. 






Fort. 


fNt. la. 


Fact. la. 


Fort. 


la. 


Fcrt. 


In. 


Fma. 


ia. 


Fort. In. 


Lenitth from liesd tostem .... 


' iDd 


6 


106—186 


184—180 


170 0 


ISfi 0 


144 


0 


136 


0 


112 


0 


60 0 


Brmlib fnitn oijUidc to out- ) 
side of the frame.... ) 


1 60 


0 


49 U io. 


48 0 in. 


44 6 


41 0 


36 


6 


34 


6 


28 


4 


24 0 


Depth in Ircld....... ...... ........ 


; 2d 


0 


24 6 


23 9 


32 0 


20 0 


18 


0 


17 


6 


14 


4 


12 0 


Draueht of water ahaA when ) 

light } 

Draught of water forward / 

when light \ 

Draught of water ahaA when ) 


' n 


c 


17 4 


17 0 


IS 8 


14 C 


12 


6 


11 


3 


9 


8 


8 4 


“ 


0 


13 8 


!2 0 


in 10 


n 1 


8 


7 


« 


6 


8 


6 


8 0 


25 


0 


24 8 


22 6 


21 c 


19 9 


IC 


0 


16 


4 


13 


3 


11 6 


Draught of water forward I 
when laden j 


22 


8 


23 2 


21 0 


19 10 


18 9 


16 


2 


13 


9 


11 


9 


10 0 


Total weight of the ship and \ 






























Tons. 


Ton*. 


Tom. 


Tor*. 


Tom. 


Ton*. 


Tom 


Tom. 


Trti*. 


fumUtied for a six months' f 


&i4d 


4910 


3626 


36481 


2300 


ir 


9 


1162 


646 


266 






























Weight of the Lull and masts.. 


2d00 


2400 


1804 


1437 


1120 


66.^ 


683 


260 


141 



Gcorjce III. The ships of England continued throughout the w'ors of 
uulGeorgethe reigns of George 111. and George IV. notoriously infe- 
Ib. rior to those of France and Spain. The skill of our com- 
manders, and the indomitable courage of our seamen, event- 
ually succeeded in these, as in all former contests, in anni- 
hilating up|)osition, and in triumphantly asserting our naval 
su)>ren)acy. It cannot be dented that their task would 
liave been comparatively easy, accompanied with less )o«s 
of life and expenditure of treasure, had their ships been 
more upon a par with those of their ofiponcnts. 

Reatont Although so nuich attention appears to have been di- 
Tur U»e reeled at various times to the improvement of the navy, 
‘"'.not only by the servants of llie crown officially connected 
with it, but by the sovereigns themselves, we have seen 
shipping. continued inferiority of our sliips to those of our 

opponents has been repeatedly asserted on undoubted tes- 
timony. The reason that all the attention thus bestowed 
failed in producing a corresponding beneficial effect was 
simply this ; that in England the speculative ideas of men, 
umloubtedly of sense and judgment, as may be seen from 
the quotations of their opinions which we have made, but 
men uninformed as to principles, were taken as the rules 
for guidance. In France, on the contrary, the aid of 
Kieocc was called in, and some of the grea^t mathema- 



ticians of the time turned their attention to the improve- 
ment of the shipping of that country ; and it is a most asto- 
nishing fact, that Uie experience of more than a century of 
acknowledged inferiority to France, also with the admission 
that her superiority was caused by the researches of her 
malhematicians, sliould liave still lefl it a question in Eng- 
land, whether our ships sliall be designea on speculative 
opinions, or from scientific deductions. Colbert employed 
an engineer of the name of Henau d'Elisagaray, a prot^ 
of Uie Count de Vernumdois, whose first essay w'os in the 
adaptation of shi|)s to carry bombs, to be used in the then 
projected armament against the piratical stales of the Me- 
diterranean. Under Uie enlightened direction of Colbert, 
the French sliips, which, by the ordinance of 1688, were 
much reslricteu in dimensions, were increased nearly one 
fourth in size, and every means taken which the Uien slate 
of knowledge could suggest to insure a corresponding in- 
crease in good qualities. Uf*nau was, we believe, the first 
French author who wrote on the theory of sliips. He was 
followed by the HcrnoulUs, by Pctc La Hoste, by Bou- 
guer, Filler, Don .Toije Juan, Romme, and a host of others, 
the eSects of whose writings we have traced in the progress 
of the improvemenU they introduced into the navies of 
France and 8pain, and forced the navy of England to imi- 
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Hixtnrjr. UtC. The only EnglUli rreAtise on shtp-building that can 
lay any claim to a icientiHc character waa publitlied by 
Mungo Murray in 1754; and he, though liia conduct wat 
irreproachable, lived and died a working ihiparrighl in 
Dejkibrd dock-yard. 

InitaiHTof A most |uJpad)]e instance of the Ignorance of all the 
ignoiajbce. principtca of naval arcliilccture among the authorities wIhj 
were charged with designing our royal navy, even up to 
the cloa.’uf Uie last century, may he quoted from an article 
in a recent periodical publication, Oic Papers on Naval 
Architecture, which was devoted to the advancement of 
this K'ience, and which was fur some veers coiKlucted by 
two gentlemen who were educated at tKe School of Naval 
Architecture at Pculsmuulh. ITic article In question waa 
written by Mr Wilson of the late Navy Office, now Admira]- 
ty, a gentleman whose judgment, talents, and sound pro- 
fesaional knowledge as a naval arrhitec4 contrasted w ith 
tile humbleness of his situation, that of drai’ghuiman to the 
surveyor of the navy, mav aIm be cited as aifording an In- 
stance of (he mistaken policy of the sucemive lutval admi- 
nistrations of England, as to the encouraging the fqiplica- 
tion of science to naval architecture, 
of Mr Wilson, (i^x-wking of tlic cutting down of the Anson, 
tfje AnsuD. a sixty-four 'gun sliip, to a frigate of thirty -eight guns, says, 
** she was cut down in tlie year 1794; and aJUiough in all 
other maritime states the science of naval construction was 
w ell understood, yet so culpably ignorant w ere the English 
I'onstructors, that tins o|xratiun, so well calculated, when 
properly conducted, to produce a good shi{>, was a complete 
failure. Seven feet of the iqiprr |>art of the top-sides, to- 
getlier with a deck and pins, making about ICO tons, were 
removeil, by which her staliility was peatly increased ; but, 
by a complete absurdity, the aails were reduced one uxth 
in area. In her first voyage the rolling waa so exccasivc 
that she sprung several sets of top-maats. Tu mitigate Uiia 
evil, in 1795 her ma^ts and yards were increased to their 
original siic ; but as there was no decrease of ballast, she 
was still a very uneasy ship, and, as a necessary result, her 
wear and tear were excesaive. 

** Other sixty-fours were cut down, masted, and ballasted 
in exactly the same manner, and, it need scarcely be add- 
ed, experienced similar misfortunes ; and althougli tJicy 
were improved by enlarging their masts and yards, they 
were still bad ships. Had their transformations been scien- 
tifically conducted, a class of frigates would liave bectx con- 
tinued in tlie navy, capable, from tlieir size, of coping with 
Uic large American frigates ; and thus tlic disasters we ex- 
perienced in the late war, from the superior force of that na- 
tion, would, without doubt, have Ix'en not merely avoided, 
but turned into occurrence* of a quite opposite character.'* 
(tocirty fur Several attempts have been made in England tu alter 
the Icn- this state of things, and to establish a sv>teiii of sdentific 
improvement in our shijM. One was the formation of a So- 
Archl^. 1791, for the Improvement of Naval Architecture, 

lure. which numbered among its members the late sovereign, 
then Duke of Clarence, and many noblemen and gentlemen 
of rank, inAucnce, and talent. This society arose out of 
the patriotic exertions of a bookseller of the name of Se- 
well, tile proprietor of the European Magazine, who in an 
excursion to one of our seaporta, heard such universal oom- 
p^nta as to the inferiority of the Britiah ships compared 
with those to which they were opposed, that he devoted 
the covers of his roagmadne to correspondence on naval ar- 
chitecture, and gave a rOoni in his house for discussion on 
the same subject, and for the reception of plans and models 
connected with it, which were always open to public in- 
spection. The papers that were by these means collected 
were rcpublishea in two volumes ; and, among much trash, 
there are several valuable articles contained m tlicm. The 
society conducted a course of experimenta on resistances 
of Buids, in the Greenland docks, on which they a{ipe8r to 



have exhausted their resource* and their energie*, and that History, 
too without deducing any result* which added to the pre- 
vious knowledge on that subject. We are not aware that 
more Uiaa the first year’s Heport of their proceedings was 
ever published. Of this we have only met with one copy ; 
and in cansequence of the probability that the results of 
the society’s experimenU might be comjdetely lost, they 
were republislied in the P^ierj on Naval Architecture. 

They have been since republished in a mosc splendid form, 
and in a most patrioUc spirit, solely for patuitous distribu- 
tion to scientiuc societies and individuals, by Mr Bcaufby, 
the ro 2 of the late Colonel Beaufoy, tiie gentleman to w hom Caloeel 
the task of conducting them was intrustra by tJie society, Besufoy. 
and on whom, it a{)pears, a great portion of tiie expenses 
devolved. 

AnoUier effort to improve the scientific knowledge of School of 
naval architecture in this kingdom was the establishment, 
in 181 1, of a School for Naval Architecture in her majesty’s 
dock-yaud at PortamouUt. This was in consequence of the 
statements and recommendations contained in the Report of 
a Comicission of Nevri Revision appointed in 1806. These 
recommendations were founded on an inquiry into the edu- 
cation end attainments of the shipwright officers then in 
the duck-yards, “ from their firs; entry oa epprenticcs. to 
their elevaUon to the rank of surveyor of the na% 7 ." The 
Report stated as follows In the whole course we have 
dcbcribs^, no O[)portunity will be found of squiring 
the cnmiaon education given to men of tlieir rank in life ; 
and they rise to the complete direction of the consnruction 
of the ship* on whicli the safety of the cmf^c depends, 
without any care or provision having been taken, on the 
part of tlie public, that they should have any instruction in 
inalhematics, mectianics, or in the science or theory of ma- 
rine arcliiteclurc.* 

The Report stated it to be among the most important 
parts of the duty of tlic Commission to endeavour ** to put 
an end to that want of foresight and due oonsidcraliun, 
which may finally lead to so much danger to tiie country ; 
and to bring into our dock-yards ajiprentices of more libe- 
ral edin:alioii than hai; hitherto been reouired.** 

The Cdnimissioners recommended the establishment of 
two elastics of rpprcnUccs. They peopoced tiie arranguicnts 
necessc.ry foe putting their rceoinmemlfttions into practice, 
and also laid dowT. a rystcni of education for the first ciaas. 

These proposals were direrted to ba curried into cltVcW by S^o«l 
an order in Council of the 20th of September 1809, w.'.icf: 
was CQmplied with :n the establislmjcnt of the School 
Naval ArcbiM*cture cn the first of January 1011. ^ 

The arrangements of the school were medified by a se- 
cond order in Council ci the 20th cf January 1816, in 
consequence ef a buiklhig for the rweption of the students 
having been completid. By this ord'.T the eslabli^hment 
was incui^joraled with the IloyrJ Naval Ccliegc, and the 
number of students limited !o twenty-four, tlial number be- 
ing considered as ** sufficient to supply the place of officers 
who may die or be removed,** and therefore to fulfil the in- 
tentions of the Board of Naval Revision, lliis second or- 
der in Council stated, that llie object of the institution was 
to introduce *' a better and more skilful di'scription of ship- 
wright officers in hU majesty’s royal dock-yar^ ;** and the 
** regulations established relative to the admission of stu- 
dents into the School of Naval Architecture,” for the infer- 
mation of the candidates, stated that,** on the expiration of 
the apprenticeship, the student* will be eligible to all situ- 
tions in the ship-building department of his majesty's service; 
and in the event of there being no vacancy in any of his 
majesty’s yards, they shall be employed assupernumerarie* 
in the yards, until vacancies do occur,” ** provided the ap- 
preutice shall, at the expiration of the time above luetition- 
cd, have completed the plan of education, and shall be 
certified by the professor to be properly qualified.” 
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HUtory. Forty-two gentlemen have been f^ucated at this c«(ab- 
lishnient, and twenty-two still remain in the ship-building 
“^department of her im^eaty’s service, of whom’nwny, bound 
■ u entj. service under heavy penalties, were, for eight or ten 

years aAer leaving the scliool, employed os suj^ernuroerariea 
in the doclt-yards, awaiting their first appointments as fore- 
men, olthougli vacancies were during the interval conti- 
nually occurring. Three only have been promoted to the 
step next above that of foreman ; and, out of the lost four- 
teen appointments to utuations superior to that of foreman, 
only ono lias been conferred upon a member of the School 
of Naval Architecture. 

The attempt has therefore most signally failed. For, from 
the comparative ages of the gentlemen of this establish- 
ment, and those of the officers who have been placed in 
these vacancies, Uiere can be no rational hope that the ex- 
pectations of the Commissioners of Naval Revision, or of the 
members of the Councils of State, can be fulfilled ; and it 
may therefore now be said (in 1839), with as much truth as 
by the Report of tlie Board of Naval Revision In 1806, *‘no- 
thing certainly can lie more surprising tlian tliat, in a nation 
so enlightened a* this is, and whose |X)wer, importance, and 
even s^ety, depend on its naval superiority, matters so es- 
sential to the preservation of that superiority should so long 
have been neglected." 

AboHtioa 'Tim School of Naval Architecture was abolished in 



The institution has however not been unattended with 
benefit to the service. The correct principles of naval ar- " 
chitecture liave become known and generally dilfuRcil; and 
though the members of the establiahment may not reap the 
reward, the merit is undoubtedly theirs, for it has becn^, 
through their instrumentality and from their works. It 
cannot, either, be denied that Uic officers of the dock-yards 
cf tlis old school liavc had their energies aroused, and have 
risen in tlic scale of educated society, from their rivalry with 
llic members of the new. On an inquiry into their com- 
petency to fill the situations in which they hare been placed, 
tliough there would be many instances fully to warrant as 
great animadversion as was passed by the Board of Re- 
vision on their predecessors, there would also be fotmtl 
among them gentlemen, men of talent, and of considerable 
acquirements. 

In 1830, Captain, now Sir William Symonda, was appoint- 8 
ed to the office of surveyor of the navy, he having previous- b 
ly constmeted a corvette, the Columbine, for her majesty’s" 
service, which was reported most favourably of after a ti^ 
cruize with other corvettes built from designs furnished by 
Sir Robert Sejipings and the late Admiral Hayes. 

The appointment of a naval officer to fill the solitary si- 
tuation in the civil service of the navy which may be said 
to offer any great inducement to the exertions of the naval 
architect, was certainly to be lamented. There arc few 



of the 1832;andwecannot write of the failureoftliisostablishment 
AchooU without endeavouring to trace its causes, and to account for 
®^the strong prejudice whicli lias existed against its members 
lU ure. moment the first student’s name was recorded on 

its books i a prejudice which has baffled them in every en- 
deavour to obtain just attention to their claims from each 
BuccoMive naval administration, and which has virtually de- 
prived the nation of the advantages anticijiated by the Board 
of Naval Revision. That it is not in the failure of the stu- 
dents themselves to fulfil the conditions required of them, is 
evident, since the sole condition was tliat which wc have 
quoted from the regulations, that they should complete the 
plan of education, ** and be certified by the professor to be 
properly qualified.” Tliis tlie professor has officially complied 
with in die strongest terms. Nor is it that they arc indivi- 
dually unfit to fill the situations which were guaranteed to 
them ; for many of them are possessed of the most fiattcring 
testimonials of efficiency, as tnorough practical officers, men 
of business, and genUemen of principle. We believe it to 
arise solely from this, that the founoation of the estahliah- 
mentwas accompanied by the most mortifying and humiliat- 
ing reflections on the officers then filling the situations in 
the dock-yards, and, consequently, on all who rose to such 
situations from the working class of the yards. From these 
officers, to all of whom the very existence of the Schoed of 
Naval Architecture has been a reproach, and a constant 
source of mortificadoD, and to many of whom the advance of 
its members would operate aa a bar to promotion, successive 
Admiralties have been contented to derive their information 
as to the success of that estabUshraent, aud the efficiency of 
its members. It surely would be expecting more tlian can 
be hoped from human nature in its most exalted state, to 
suppose such information could be given devoid of party 
feeling and of prejudice, or that men would voluntarily ad- 
mit their own ine^ienev, and concede to those whom they 
must regard as their rivals for the favours of the Admiralty, 
a merit equal, nay, on the very principle of the foundation 
of the establishment, superior, to that which diey themselves 
possess. The First Lord of the Admiralty, dierefore, for the 
time being, acting on information thus derived, annually 
asserts in nis place in parliament, and believes his assertion 
to be correct, that these ** young men” f men between forty 
and fifty years of age) " though gentlemen and men of 
education, yet want experience, and therefore cannot be 
promoted.” 



clerks in the public offices of this country who do not early 
attain to salaries and retirements far exceeding those doled 
out to the highest offices in the engineering department of 
the navy, willi this one exception ; and to deprive the naval 
architect of this high incitement to exertion, cannot but 
operate injuriously to the service » and again, a gentleman 
brought up in a totally different profession must 1^ presum- 
ed to be not only wholly unacquainted with the detail of 
the duties of his subordinates, but also necessarily to be un- 
qualified to perform a great portion of the duties connected 
with his own situation, and therefure to be dependent upon 
tliosG from wliom he is obliged to seek for guidance. 

The office of surveyor of the navy, be it remembered, is 
an office of active o^ieration rather than an office of super- 
vision, and tliCTcfore essentially requires to be filled by a 
professional naval architect. 

Sir William Sytnonds is the first constructor of the Eng- 
lish navy who has been left unrestricted ss to dimensions ; and 
be has consequently been enabled to introduce into the 
service, ships which undoubtedly bear very high characters 
in some very decided points of efficiency as men-of-war. 

He has also practically demonstrated the possibility of ships 
of war obtaining sufficient stability without the aid of bd- 
last, which is a very important advantage, and one which 
will yet be protluctivc of essential benefit. But unfortunate- 
ly having been in error as to tlic true principles on whicli 
the stability of floating bodies U dependent, he has not ob- 
tained these advantages without, in many instances, incur- 
ring a compensating disailvantage, from uneasiness of mo- 
tion, and which apiiears to be a very general complaint 
against tlie ships of his construction, some of them being 
most marked examples of the uneasiness attendant on a 
stability which dqK*nds almost wholly on breadth at the 
load water-section, to the neglect of form of the solids 
of immersion and emersion. 

The opinions on which Sir William Symonds founds his Hti writ- 
system of construction have been explained by him, first in ingi. 
a brochure, printed, we believe, for private distribution, and 
then in an article, communicated by himself, in the United 
Service Journal for July 1832. To that therefore we refer 
our readers for information os to the principles upon which 
the fleets of England are now constructed. The following 
tables contain the dimensions of the various classes of ships 
which Sir Wllliain Symonds has introduced into the British 
navy ; also the dimenaions according to which the ships of 
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^ Hutof^ the FrerKrh nary are now being built, and the dimenBiona rect. The dimenMons of the French ship* were procured Hinoiry. 
^ one or two other modern ishipa about which considerable in the French dock-yards during the summer of I8S7, and 

iritcn'st has bwn excited. The dimensions of the vesH*)s are certainly correct The L#ondon and Castor are obtain- 
designed by Sir William Symonds are obtained from E<lyc’s ed from Kdye's Scales of Displacements i Uie Sapphire and 
Sc^es of Displacements, and from a list which was publish- Orestes from Morgan and Creuac’s Papers on Naval Archi- 
ed in Uic Untied Service Gazette, and which we have en- lecture; and the other dimensions are from the beat avail- 
Jeavoured to vwify ; we therefore believe them to be cor- able authorities. 



Dimfnsions of Modem Englisk SJtipt of War. 
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Names of Sliips, 
and of tbeir Designers. 



Kxircmc 

Bresdtb. 



Depth in 
Htild. 



Burden in 
Tons. 



f Queen.. 



First Rate. 



Second Rate, 



Vangtiard.. 



Third Rate. 



Boscawen 

Vernon, 

^ Pique... 



g, 



Fourth Rate. 
Fifth Rate. 
Sixth Rale. 



Vestal.. 

Caryidurt 

Corvettes. 

Rover.... 

Calypso 

Brigs. 

Columbine.. 

Serpent 

Racer 

(.Pantaloon..... 

London k 

> Sir Robert Seppings 

Castor I 

Inconstant, Admiral Hayea. 

Modcste, Admiral Hon. G. Elliot,. 

S™} 
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33 
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10 

16 
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13 

13 

7 

8 
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4;U 
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323 
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1283 
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562 
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459 



Dimensioiu of Modem French Ships <f T9 or. 
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1 Fret. Inrh. 
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90 
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53 
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25 4 

24 4 
4013 


60 
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45 24 1 36 0; 

... 1 14 9 

16 3 
20 S 15 6 
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24 

Frrt. iMh. 

125 4 
32 74 
IS 6j 
14 10 
14 21 
739 


^ forward 

Draught of water, V aft 

3 mean 

Load, displacement in tons 



Deseriptum of the manner of performing the Caleulations in- 
eidenial to designing a Ship, with Intestigations <f some 
(f the principal EUmenU (f the Design, 

Yen prin* The labours of the numerous men of science who have 
ciplesofthejcvotcd either the whole or a portion of their attention to 
'^*7 of the varioua problems embraced in the theory of shins, have 
rer«^n*uD.*^^ ®^*wt principles uninvestigatea ; most 

inveatigit- ^ properties of a ship have been examined, and the 
ril. laws on which they depend clearly defined, either by the 



aid of mathematical demonstration, or by experimental in- 
duction. There arc how ever some questions, which, though 
solved in theory, still depend on the results of pliysical ex- 
periment for perfecting tJicir practical i^tpUcatiun. 

The elements of naval construction, a term very gene- 
rally applied to the theory of ships, may be classed in twotai> prinru 
divisions ; those which are solely de|>endcnt on known laws ;des may b« 
of nature, and those of which the solution involves laws*“’***^ 
of nature which are yet imperfectly developed. t»orf«vU 

The first division embraces by far the gre^r part of those 
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Theorr. principles on which the moU e«»entUI propertie* of ships 
depend ; and it may now be said that the principal diffi- 
)f «-Be of these are surmountcsl, and arc familiar to the in- 

are rstab- *t*^*^*^*^ naval architecL These are alone sufficient to in- 
bailed. *ure the attainment of a certain and considerable degree of 
excellency in a ship, to give it a prc{>onderance of any pe- 
culiar property, to discover the causes of any bod qu^ity, 
and to obviate its tendency by an appropreite remedy. In 
lact, they are enough, quoting from an article in an Ame- 
rican Review, to ** direct and limit the variations that may 
safely be made in the models at present in use, and guide 
us in the draught of new ones suili^d to thnac cimnges in 
the force and magnitude of the several rates of vessels 
which are continually making in the strife between the na- 
tions of the civilized worlil.’* Shoidd the science of naval 
architecture never make further progress than it is thus de- 
acribcil as having atlnined, it is evident that it is so far |>cr- 
fect as to be available for, and capable of being made to 
I'l.ctice kce}> pace with, the wants of mankind. It may be objected, 
apparently titat the American writer assumes too high a standard, and 
cmitr«licUth,t, SO far from changes in the rate and magnitude of shi}>s 
tio^****^* being made with the certainly attributed, each deviation from 
the beaten track seems but an isolated, baseless, and aim- 
less venture, instead of forming one step in the progress .of 
improvement. Rut, in justice to naval architecture, it should 
be remembered that the American spoke of the existing 
knowledge, and of the application oi that knowledge in 
France, and in countries where its iin{>orlAnce is recognised 
and its principles are known and cultivated, not in England, 
where its very claim to the rankuf ascience has been derided. 
Second di- The elements which may be claicsed in the second divi- 
viilun rni- i;„n, os those of which the solution resolves itself into a 
dependence on laws of naltire which are as yet impcrfect- 
|wtid«nt<m^)' consist almost entirely of such as arc de{>en- 

undcvclop.denl, in a greater or less degree, on a knowledge of the na- 
ed laws of ture and laws of elastic and non-elastic Huiils- ‘I'his is a sub- 
nature. jeet which has hitherto baffled alike the researches of the 
mathematician and the ex|icriment«)ist ; but, from the ana- 
logy of discoveries in other sciences, we may solely assert, 
tliat even its difficulties must be eventually surmounted by 
the patience and labour of tlic inductive philosopher. We 
are possibly on the eve of an important era, in so far as the 
laws of the resistances of fluids are involved. The re- 



searches of Mr Hu^sel will aiiparently do much towards ti 
icrIuuM more I 



naval ar- 
chtleU, 



Mr dus- 

ael** re- . . _ _ . _ . . _ _ _ _ 

armirhes on mvelling their mysteries, )>criui])s more llian has as yet result- 
rsBiatances. ^ from the labour of all preceding ages. Not that the per- 
fect solution of tliese problems is really of such vital im- 
portance to the progress of improvement in naval architec- 
ture as it is oflen asserted to be, and which the ap|uirent 
intimate connection of that science with the knowlfdge of 
Sorhknow. fluids and of ihetr laws would appear to sanction. Of tliose 
Irdgr not elements »>l‘ naval construction which seem wholly to de- 
ble loTh^ pend on such knowledge, some are restricted by considera- 
tions which are adverse to iu a|>pIication ; and although 
it may be a desfideratum in tlie determination of certain of 
the elements, the difficulties which arise from tlic want of 
it only rei]uire to be fully known and understood, to be, if 
not abwiutely theoretically remove<], at least, from the col- 
lection of facts, from experiment, and from analogy, so far 
overc'ome as to leave nothing to be desired on the score 
of practical utility. The fi>rm of a ship’s b<Kly need nut 
necessarily remain imperfect because the curve of the so- 
lid of least resistance is unknown, since enough has result- 
ed from the consideration of the nature of that solid to prove 
tliat, however it miglit probably be applicable to the naviga- 
tion of smooth waters, Uic perfect solution of the problem of 
ita form could only be generally desirable to tlie naval archi- 
tect, as contributing to the theoretic perfection of the science, 
and would add but little to its practical utility in iu appli- 
cation to vessels which must enc*ountcr the trcmerKlous 
powers of the elements in tlie open seas. Experience has 



proved, that a ship constructed with the bow and of the form Thsorv. 
which are recognised as at least nearly approximating to the 
solid of least resistance, would be unable to withstand the 
violence of the shocks of the motion of pitching, and of the 
waves ; or, could slic do so, would necessarily lose, by the 
additional resistance resulting from incrc'aocd immersion, 
every advantage which might otherwise be anticipated. 

Neither can the exact position of the greatest section be a 
question of theoretic niceties, when the great capacity and 
the adjustments of form necessary to the exigencies of mo- 
dem warfare and the advanced state of navigation arc con- 
sidered, which not only require a ship to be effective in all 
the nuiterteiy and for all the purposes of war, when first from 
the hands of the builder, but to he equally so afler long pe- 
riods have elapsed and extended sea.s have been navigated. 

On the other nand, the comparative fulness of the fore and Propor- 
oAer bodies, the positions, rakes, and proportions of the masts, tions of the 
the adjustment and tlic sliape of the sails, the bracing 
the yards, and many other questions intimately connected 
witli the resistance of fluids, may, and will eventually, beQ^i^^ 
com^tly determined by comparison, experiment, and in-portioosnd 
duclion, guided by the knowledge of those principles ofsbs|K> of 
science w hicb ore involved in them ; and, without such know- m*y 
ledge to enable us to test and to establish llie correctness 
the conclusions which may be drawn, both expcrinient and 
comparison must be as useless in this, as, under similar cir- 
cumstances, they would prove to any other branch of art. 

It has been most wisely said, that there arc mc^ false facts Danger of 
in the world tJian false theories. The reason is evident 
tlie correctness of a fact is totally dependent on the compc- 
lency of the obaerver 5 and how very few, even among tliose 
whose minds have been trained to habits of thought, are^ujofgc[. 
competent to the task of discriminating fact from fallacy.cniific 
If there be few among such men, how much fewer in pro- knowledge, 
portion must that number be among men of uncultivated 
minds, who can be ca|iablc either of observing facts, or of 
forming correct condusions from those which they may 
have casually observed ; and to such, almost without ex- 
ceptiun, luis been confided the task of estahlishing the facts, 
and drawing the conclusions, upon which to found the theo- 
ry of ships, as far as the development of tliat theory has been 
attempted in England. 

A most unphilosophic mode of reasoning is very general- Ermr m 
ly applicHl to the question of the application of the exact doing ibis, 
sciences to naval architecture ; and because chance on tome 
few occasions, inductions from a tedious experience of fail- 
ures on others, but far more frequently the results of ob- 
servations on ships built by men of science, may luive pro- 
duced good shi})s, the question is oRen hastily decided, and 
the conclusion assumed, that since ships possessing more How it hu 
Uion an average ol' good qualities have txmn produced witli- aciseru 
out abstract scientific study, therefore the exact sciences 
cannot be available to the advancement of naval architec- 
ture ; tlie fact being placed quite out of the consideration, 
that the results of observations on ships designed by men 
of science arc really tlie rexults of science, and that if the 
observations were moilc by pcrsoits competent to tlie task, 
these results would be onward steps in the progress of im- 
provement. 

The time certainly has not yet arrived when the naval The aid of 
architect can effect with precision and confidence the syn-indurtion 
thetical composition of a perfect ship} but we have already 
asserted that he may, by the application of principle* 
ready established, proceed in the lull confidence of produ- ' 

cing one with a preponderance of good qualities. 

The mistake is in the assumption that the theory of ships for the the- 
is already perfected, instead of merely being copableofbeing pry ofihi|i4 
perfected by a rigid analysis of facts which daily experi-** 1™* 
ence would dicil were tlie abstract science* applied to thel**"**^ 
task of analysing, collating, and registering them. It should 
always be remembered, that generally in even* Ricncc a 
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A boUjr at 
rc«t im a 
fluid dts> 
|>lice« iu 
wcig'hU 



Displace* 



Tli^orr. perfect theory ia tlk* result of the perfection of the *cience> 
rather than that the |H'rfcciion ol the Mrience reanlla from 
the theory. To ar^e against tJiia principle, would he to 
retrograde from the nineteenth to tlie Bixteenlh century, 
aud to affirm ifuit Bacon has lived in vain. 

We aliaJl, in os conciae a manner as is consistent with 
clearness of explanation, detail the method of performing 
the calculations necessary to determine the essential ele> 
ments of the design of a ship's body, in the course of pre- 
{laring the origin^ draught or drawing. 

A body floating at rest, upon a fluid also at rest, displa* 
CCS as much of the fluid as is equal to the weight of the b^y. 
The tniUi of this proposition will apfiear from the consider- 
ation that the equilibrium between the body and tlic fluid 
is maintained by }>recisely the same upward pressure iissuj}- 
ported die fluid which the body has displaced ; and as the 
Biime pressure must support the same weight when there 
is an equilibrium, tlie weight of the floating body must be 
equal to that of a quantity of fluid equal in bulk to that 
part of the bmly which is imii>crsed. It follows that Uie 
w'eight of the water dUpUced by a ship floating on it at 
rest, is equal to the weiglit of the ship and all its cunteuU. 
It is usual to call the weight of the quantity of water 
ruent a sliip displaces when she U floating at rest, her dis- 

or, in other words, according to the forepjing 
weiriit. proposition, the term displacement applied to a ship is sy- 
noru'HMus with her weight. 

To obtain To obtain, therefore, the total weight of a ship, it is only 
the wf’igbtneceaimry to ascertain the weight of the volume of water 
ul A ibip. dUplaccs when floating at rest. ThU is found by 

calculating the number of cubic feet contained in a homo- 
geneous solid equal in bulk to that part of the body below 
the surface of the water, and then multiplying Uiis number 
by the spcciiic gravity of the water, that is, by the weight 
of one cubic foot : the result will be die weight of the water 
disidaced, and consequently also that of the ship. 

That a ship of war may be able to carry and to maintain 
eftective, in ordinary circumstances of weather, a determin- 
ed armament, or a merchant-ship a certain lading, it is evi- 
dent dial the weiglit of tlie ship, and all that slie is destined 
to contain, must 1^ in such proportion to her bulk that she 
shall not be so far immerseJ in the water as to render her 
armament inefficient under circumstances in which iu effi- 
ciency may be required ; or her lading oppreasive to her, 
First guide if lading be the purport of her construction. The bulk of 
j ^ proportion to her length, her breadth, and her 

depth. This, when the naval architect hasascertaineii the 
displacement necessary for his ship to possess, is his first 
guide to pro)K>rtion her dimensions, so as to insure that dis- 
placement without undue immersion. The next step is 
irunsverse to determine die Ibrm and area of a transverse vertiral sec- 
se^lioa. tion at die largest part of the sliip's bo<ly, which generally 
extends from die middle of die lengtii fur some distance 
towards each extremity. l*his section U called the midship 
section, and on its area is principally dependent the direct 
resistanee wiiicli the vessel will experience, while the sta- 
bility or resisuince to inclinauon, and the easiness or un- 
easinesa of her motions, arc greatly de^>endent on its form. 
(IrcfAtest {laving to a certain extent fixed u(xm die midship section, 
iiurixuntal the next consideration U to determine the area and form 
wichoo. h horiiontal section at the surface of the water. This 
section is called the load water-section, or sometimes the 
** plane of flotation.” On this section also the stability of 
the ship, in proportion to her dimensions, is very greatly 
Depth in dependent, as will be seen when we more fully explain that 
water, snd quidilv. The depth in the water, and the sha^ic of the verti- 
cal section through the longitudinal axis of die ship, should 
of ^ determined ; and then transverse vertical sections 

Bow and body lietween die midship section and either ex- 

«|ttsner tremity of the vei^sel, generally at tliose (MUta where the 

body i^ intended to alter nialeruUly from die form of its 
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midship section to that of the more sudden curvature at the Theorr. 
extremities. An important consitleration is involvetl in the 
fontu of tiusc sections, considerably influencing the co«- 
ness of the ship's motions. At present it will be enough to 
mention them as the next pri^cssivc step in the design ; 
after which the constructor has data sufficient to determine Displace, 
whether the dimensions he has chosen will enable him to ment. 
obtain adetpiate diiiplacemcnt for the services required of 
his vessel. If so, he may proceed to trace in intermediate 
sections, and thus grodu^ly, letting his design keep patxi 
with his calcuUtiuns, complete his drawing by die aid of 
processes which will l>c fully explained in a subsequent por- 
tion of this article, and which we therefore shall wholly 
omit here, as the limits of our space will not admit of repe- 
tition. Also, we can hardly describe the method of pro* 
ceeding with the drawing until the principles which ought 
to guide us in forming die design have been investigated. 

As we arc totally unacquainted with the course of the Diagonal, 
fluid along the bottom of a vessel, it is essential that the bow, and 
curves bounding iliugonoJ sections, called diagonal lines, and buttock 
the curves boumling vertical sections, called buttock andj'’*'^ . 
bow lines, sliould be attentively considered, and also the 
curves liounding the inclined water-sections, that they may 
be such as, by conqiarison with other and acknowledged 
fast sliipa, may be presumed to be conducive to velocity. It 
must constantly be remembered, that naval architecture is 
a science of comparisons and of analogic* ; and no pains 
must be spared in rendering them subservient, not only to 
the design in progress, but to the eventual perfection of 
the science. 

An iiii]x>rtant consideration connected with the forming Aiteratiun 
the design of a ship is involved in the gradual alteration of^f sent in 
the vessel's scat in the water from the consumption of******' **"*** 
stores. It is not only essential that a ship should be 
sessed of stability combined with easiness of motion, 

Weatherly and quick in manuruvring when she Is stored 
and completed fur foreign service as a ship of war, or fully 
laden as a merchant-ship ; but it is equally essential tlial 
she sliould be possessed of these qualities towards the expi- 
ration of her crui^, or on her return light from her voyage. 

Designs for ships to be as perfect as the present state of 
knowledge can make tlicm, must be made with reference to 
several water-lines. 

We sec, therefore, that there are difficulties opposed tn^ferchart- 
the improvement of the forms of merchant-sliips, which do*hifw 
not exist to the same extent in upiiosition to Uie improve- 
ment of the fonns of ships of war. 

In the designing of ships of war, the nature of the wrvicfof war ^ 
in which they will be employed is known, and tlie lading, * 
in comparison with tluit of a niercliont-slii)), is a constant 
quantity: it is therefore only necessary to endeavour to ob- 
tain a muximum of goud qualities in relation tn these cir- 
cumstances. But in a mercliant ship the lading is of such because ot 
a variable nature, both as to quantity and species, that thegresicr t s. 
ship is at different times under very diffiTent circumstances 
yet she is sub}ecte<l to the same trials. Thus an Hast India- 
man, on her outward voyage, is two feet more immersed than 
on her homeward ; and the draught of water of a collier U 
reduced, at different times, four, five, or ux fet't, by which 
the stability is generally very much diminished i and even 
w itli the same draught of water the stability may vary very 
considerably, owing to the difl’erence in the nature and dis- 
position of the lading, and the consequent effect produced 
on the centre of gravity of the ship ? and yet, under these 
different circumstances, tlie shi|}s arc exposed to the same 
winds and scaa. It is evident that if, when at their pro- 
per draught of water and stowage, they are only equal to 
the trial* to which they are subject, they must be very in- 
adequate to the contest w ith such a d^uction from their 
powers as this would produce t particularly if their design 
be nut made with a due exmhidcration of tliis circumstance. 
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T)ieorjr. Xhe lo«* of fttahiVity which rc»ults from the diminution 
'' ^ of (Iniught of water cnnnot l>c com]>ensated by a propor- 
tionate arraagemcnt of sail, without inairrin^ other evil con- 
Bcquences. If the c^iiantity of sail, which at all times is 
comparatively small in a merchant-ship, be lessened, the 
wind on the increased hull might to counterbalance its 
effect, that she would be utterly unable to beat off a Icc 
shore, or make any way on a wind, 
eausing dL A siiin is not only subject to a loss in stability when 
minution hgbtene<h but becomes laboursome, on account of top-haro- 
rolling motion is more violent as her diminished 
*d water decreases the resistance which is op- 

nt'ss. po^ to the inclination, and she also generally becomes 
more lei’wuurdly, owing to (he difference made in the re- 
sultant of the resistance, the diminution of the lateral re- 
sistance. and of her power of carrying sail. 

That these effects are to be drea<led, is proved by the 
enormous Inas of lives and property in light merchantmen, 
and especially light colliers. 

Thus, for a ship which is intended for the various pur- 
poses of commerce, to be at all equal to a ship destined only 
to fwil with a constant lading, more art is required in the 
design. But though this is a dilhcully which opposes itself, 
it is no bar to progressive im|>rovement, which is evident, 
as wc arc now suffering under the effects of sucli improve- 
ment, made, under all the same obstacles by foreign powers. 
Ssrrifiicc of That the forms of merchant-ships may at all be benefited 
burthen by application of that knowledge which is possessed of 
utfix’fctary, principles of naval architecture to their construction, a 
sacrifice in part must be made of those qualities which Itavc 
hitherto been considered too exclusively at the expense of 
others. These are great capacity under small dimensions, 
and few men to navigate them. 

by incrcas. To enable them to tail and w*ork well, their retlstance 
ed dimen- must be diminished and their stability impruved by an in- 
wons 10 crease of dimensions in comparison with the displacement, 
uT^|»Uw.^y which they would gain in velocity, easiness of motion, 
tneuL power to carry sail, and consequently safety. But this 
would require u proportionally greater quantity of sail, and 
of course a larger crew to manage it ; yet as other na- 
tions possess better ships than ourselves, and have there- 
fore subjected themselves to (his inconvenience of larger 
crews, tliat must not be considered as an insurmountable 
obstacle. 

As the body of a ship Is not generally any regular figure, 
the rules which determine the contents of regular solids will 
give only approximations when applied to finding its con- 
tent i but vie error arismg from the application of the best 
methods now used for calculating dispWcmcnts U so uiudl 
as to be utterly insignificant in {iractice. 

Atwood's The rules most applicable, and at present most generally 
ruW for applied, to the measuring of curvilinear spaces, by navsd 
*"**,®^ architects, are those published by Atwood in the Philoso- 
phical Transactions of the Royal Society for 179S. “ They 
arc founded on Sir Isaac Newton’s discovery of a theorem, 
by which, from having given any number of points situated 
in the same plane, be could ascertain the equation to the 
curve which would pass through them all ; and by means 
of this equation was enabled to express the ordinate in the 
curve corresponding to an abscissa of anv given lengrth, as 
wall 09 the area intercepted between any two of the ordi- 
nates.* 

In order to determine the area of any curvilinear space by 
these rules, parabolic curves are supposed to pass through 
the extremities of acertain number of equidistant ordinates, 
dependent on the order of the parabola ; for a conic para- 
bola three ordinates, for a paralMla of the third order four 
ordinates, wid so on. It is evident that the correctncM of 
the approximation of the parabolic area to the area of the 
required curvilinear space, is dependent on the distance be- 
tween the ordinates ; as on that depends the nearer or the 



more remote coincidence of the parabolic curve with t)»c Theory, 
curve bounding the area required. An altnost matbema- 
ticol acciiracy is attained in rtaval architectural calculations 
by assuming the ordinates to be one foot apart, even in those 
portions of the curvilinear areas in which the alterations of 
the ordinates are the most rapid, as in the fore, aRer, and 
lower parts of the body. But spaces considerably longer 
than tliis will be found to give results of great correctness. 

Atwood gives eight theorems for measuring curvilinear Two only 
spaces, two only of which arc necessary for the purposes nfin o*r. 
the naval architect. The first of these is applicable when First rutc. 
the number of equidistant ordinates is odd. It is founded "f 

on the assumption, that each portion ot* the curve 
passes tbruugl) the extremities of three successive ordinates 
is a part of a conic parabola, and that tlic first of the three 
ordinates of each succeeding portion is the lost of the three 
ordinates of the preceding portion. It is not necessary in 
this article to prove the correctness of these rules ; it is suffi- 
cient to describe their application to the subject of the article. 

The first rule is as Ibllows : Measure the Icngtiis uf all the 
equidistant ordinates. Take the sum of the extreme ordi- 
nates, then take the sum of the second, fourth, sixth, or even 
ordinates, and multiply it by four ; and then take the sum 
of the remaining odd ordinates, or the third, filth, &C., and 
multiply it by two. To the sum of these two products add 
tJie sum of the extreme ordinates, and multiply this sum by 
one third of the common interval between the ordinates ; 
the result will be the approximate area required. 

The second rule, which is frequently useful, is applicable Sennul 
when the number of ordinates is one greater than a mul-rulc. Num. 
tiple of three. It is founded on the assumption that each 
portion of the curve which pasaes through the extremities 
of four succesaive ordinates is a port of a cubic parabola, ucityaniul- 
and that the first of the four ordinates of each succeeding tiple of 3. 
portion of the curve is the lost of the four ordinates of the 
preceding portion. 

This rule is as follows : Measure the lengths of all the 
equidistant ordinates. Take the sum of the extreme ordi- 
nates, then take the sum of those remaining ordinates which 
arc one greater tlian a multiple of tJiree, as the fourth, se- 
venth, tenth, &c., and multiply it by two ; and then take 
the sum of all the remaining ordinates, and multiply it by 
three. To the sum of these two products add the sum of 
the extreme ordinates, and multiply this sum by three 
eightiis of the common interval between tlic ordinates ; tlie 
result will be the approximate area required. 

Now, if we suppose that we have a solid formed by the Their sp. 
revolution of a curve, and that tlie cubical content of thatl>h<wtiun to 
solid is reouired, we may first, by the application of either 
of the belore-menlioncd rules for obtaining the areas 
cun ilinear spaces, find the arras of a series of parallel and 
equidistant sections of the solid. Then, if we consider these 
areas as expressing ordinates to the abscissa of a curve, we 
shall have a curvilinear plane surface, the area of which 
will express the cubical contents of the solid. For it is 
evident that every increment of the assumed curvilinear 
area has correctly represented the contemporary increment 
of the solid. 

We have here, then, rules of easy application, by which 
the areas either uf the iransverM; vertietd or the horizontal 
sections of a ship’s body may be calculated, and by which 
also, from a series of the areas of either these vertical or 
these horizontal sections, the cubical content of a homoge- 
neoiis solid, of the same sliapc and bulk as the immersed 
portion of the ship’s body, may be determined ; which cubi- 
cal content, multiplied by the specific gravity of water, will 
give the displacement of the ship. 

It will be seen, as we proceed with our subject, that it is 
ncccsaary to ascertain tlie position of the centre of gravity 
of the homogeneous solid of the immersed part of tlie sliip, 
and also, that in proceeding with the work of designing tiio 
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Theory, font) of ft tliip’a body, it will be neccssftry, in order, in the 
' eftrlii*st stqxs to confine the position of tlii« point to ccr- 

limiu, to calcuLite the «itnftlion* of the centres of gra- 
erntreof ''ilv the load water-section and of the midship section; 
grs^ty of that these ;>oiiita, which will necessarily have great influ- 
th« bomo* cnee on the position of the centre of gravity of the dis- 
fT**?*®*** placement, may be determined with reference to their in- 
Alienee on the position of that |KiiiU. These calculations 
body, and effected by a further application of Uie rules of approxi- 
oftheluwl mation already given. 

water aad Every transverse ordinate of the load-water section bc- 
mid^ip bisected at its intersection with the vertical longilu- 

section passing through the stem and stern-poat, the 
in the load gravity of the loud water-section will necessanly 

water -si-c- the hue of these intersections; it becomes therefore 

tion; necessary only to And its position in this line. For the 
in tbi* mid- )<^tne reason, that of the Ijisection of the ordinates, the 
noo'***” *^"*>’*? gravity of the midship aedion will lie in the line 

* of ita intersection with the vertkal longitudinal section, 
passing through the stem .ind stern-post; and it becomes 
therefore only necessary to determine its position in this 
vertical line. And again, the centre of gravity of displace- 
ment must be always in the same before-mentioned verti- 
cal iottgiludiiial section, unli^ (he vessel be inclined from 
the upright, which consideration does not enter into tlic 
present question ; it becomes therefore necessary to And ita 
position in this section. In rcs|»ect to length, this will be 
found in the line of intersection of wuue one of the trans- 
verse vertical sections with this vertical longitudinal sec- 
tion ; and in respect (o dejxh, in the line of inleraetiion of 
some one of the horizontal sections w ith this same vertical 
in the ho- longitudinal sectiun ; and, coiiM'qucntly, the (Xisilion of tins 
ii.«vfHieous centre of gravity of the dijiplacvment, or, as some writer* 
call it, the ** centre of buoyancy, ** will be in the point of 
intersection of the three plaiu.**. 

OiTTwrai rv- In order to determine tlie positions of tlicse several centres 
|irn»icMi lijf of gravity, we must make use of this proposition in nu'cha- 
r«ntm of flics. If perpendiculars be drawn from any numbir of 
hod'cs to a given plane, the sum of the products of cacli 
b<K{y, multiplied by its peiqwiidicular distance from the 
plane, is equal to the product of the sum of all the bodies 
mullipru'd by the perpendicular distance of their common 
centre of gravity from the same plane; and also of its 
corollary, that if any of the bodies lie on the other side of 
the plane, tlieir distances must be reckoned as being nega- 
AppVra- live. In ^tplying this theorem to And the cf-ntre of gra- 
tioii to nir-vity of any curvilinear S|aue, by the application of either 
“■ of the bcfoi^mcntioncd rules of approximation, each ortli- 

nalc must be multiplitnl by its perpendienlur distance from 
som<‘ given line, usuallv in a section neurone of the extre- 
mities of the vessel : these products are then used as ordi- 
nates, and the rule is applied, ami the CHlculatious made, in 
the s:mie manner as for Hnding tlie area of a s|iace, tlie re- 
sult, however, being the moment of the space. The mo- 
ment of the s|Mice on the opposite or negative side of the 
line tJial was assumed front whid) to measure the j>ei{wn- 
dicular di-tanccs of the ordinates, is caiculnteil by tlic a|>- 
plication of the same means if the area be large; if small, 
a more simple methixl will easily su;njcst itself, and the 
moment thus obtained is subfracted from the former mo- 
ment ; the remuinder ia the total moment of the space, es- 
timated from the aasumed line, and ihifs divided by the 
(ouU area of the same s|)oce, will give the distance of it* 
centre of gravity A'om the ansiimt'd hue. In this manner 
the centres of gravity of the load w ater-section and of the 
niiilsliip sex'tioii may be found. 

The position of Uie centre of gravity of the displacement 
is foiimi by the a;>plication of the same rule of approxima- 
tion. In order to determine its vertii*al distance IkIow the 
load water-seiliun, a series of eqindistant horizontal sec- 
tion.-, mu-sl be drawn; then the area of each successive iio- 



viliixar 
►{sme* br 
Atwood a 
ruU-s ; 



(u *ulul«- 



rixontal section is multiplied by ita pr*rpendicular distance Tbvorr. 
below the load wrater-section, and these products are used 
o« ordinate* in either of the ndes. Tlie result U the mo- 
ment of tlie apace between the load water-section and the 
lowest horiaontal section ; to thi« must be added the mo- 
ment of that part of the body which is below the lowest ho- 
rizontal section. This will be obtained by multiplying its 
■olid content into tlie vertical depth of its Centre of gra- 
vity below the load water-section ; the sum of these two 
moment* is the moment of the whole displacement, esti- 
mated from the load water-section ; and this moment, di- 
vided by the total displacement, will give tlie vertical dis- 
tance of its centre of gravity below that load water-section. 

The position longitudinally of the centre of gravity of the 
displacement i* obtained in a similar manner, by calculat- 
ing the moment of that part of tlie dis]>lacemenl which is 
aituaU'd before some one of the transverse vertical sections, 
and also the moment of that part of the displacement situ- 
ated on the opposite or neg itive side of the same section ; 
then subtracting the negative moment from the positive, 
the remainder, which is the momtmt of Uic w hole dis|)Uce- 
ment cstimaUxl from the assumed vertical section, divided 
1)V the total displacement, will give the distance of its cemtre 
of gravity from the assumed vertical section. 

In*tcad of multiplying each ordinate by ita perpendicu- Means of 
lar distance from the given line or plane, it is more convc-*l»®riruM.g 
nient to multiply the successive ordinatea by 1, ^ Ik 4, &c., 
and the sum of these prodiRt* by the common distance be- 
tween the ordinate**, which of cmirM.' produces the same re- 
sult. A little consideration, in the course of pcribrniing 
the fiiregoing calculations, will suggest methods by which 
some of the labour may be lightened ; such as the arrange- 
nii-nt of the result* in tabular forms, and the connecting the 
calculations for determining the areas, contenis, or moments 
of those |xir1ions of the curve* or solids towards the extre- 
mities with the general calculations. The foregoing ac- 
count of the method of making the above caiculaliun* is 
given merely as an outline. F'or some of tlie mure minute 
details, see Innvan's Notes to Chapman ; and mature consi- 
deration of the }>rincip]es on which the calculations are 
fmmdi<l will suggest all that can be further required. 

'I'he constructor liaving cnmipleted tlie foregoing calcu- Itrrsptin- 
lations, will have ascertained the area of the iiiidsliip sec-lauoi«, 
tion, the area of the load water-ui-CiiH), the diiL|)laceRH'm, 
the |K)sitions of the ctmlres of gravity of these two sections, 
and also the position of the ct'ntrc of gravity of Uie dis- 
placement. The arcus of the two sections ami the posi- 
tions of their respective centre* of gravity, were required 
to be determined, on account of the tnAiience of these ureas 
and these (Hwitions on the content of the diMvlucemcnt, 
and the |¥i*ition of it* centre of gravity, and also in con- 
sequence of their inAuence on the stability of the ship. It 
must therefore be remembervil, tlwl if the result* of these 
previous caloilation* do not accord with the intentions of 
the c«)nstructor, or are inadequate to Uu* development of 
his design, he must make such alterathms in his curves or 
in his dimensions as he may consider neces>;iry, beture pro- 
ceeding furtlicr w ith hi* design. And if he sluill liave suf- 
Aciently informed himHrlf on the theory of ships, he w ill be 
enabled to do so w iih c’tinsldrrahle cunAdence at tins stage 
of hi* progress, as to the Anal result of hk worL 

We Itavc hclbre auid that a body Acuiting on a Auid >£ Omdirkww 
supported by the upward pressure of that Auid. Thishmlyut cquib- 
will be in equilibrio when the direi'tion of this upward pres- bkum oi • 
sure jwsse* through the centre of gravity of the part of the 
body which is immersed in the Auid, and also through t^he JjJ* 
centre of gravity of the body. These two centres willfesu 
therefore be in tlie same vertical Hue, ami this vertical 
line w ill be the line of intersection of the transveivc verti- 
cal section in which the centres of gravity of the displace- 
ment and of the body ore situated, with the longitudmal 
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Theory. Tcrtical section of the body. Consequently, when a ship 
is floating on the water in a stale of rest, ajtd only acted 
ujwn by the upward pressua* of the water, the centres of 
gravity of the ship and of the displacement are in the ver> 
tical middle line of the same transverse vertical sec'tion. 
'hen act- But when the ship U inclined by the action of some second 
cflupoo byfofce, as that of the wind, a jwrt of the body which was 
>n .rw. in. p^pyj(^|y \g riiicrged, and a part which was 

above the surface of the water is immersed; consetjucntly 
the fuTiu of the portion of the btxly under the w ater is ai> 
tered, and the centre of gravity of the displacement is car- 
ried over tow'ards that side on which the increased immer- 
sion has taken place, w hile the position of the centre of gra- 
vity of tlic sJiip, with reference to its position in the ship, 
lias remained unaltered, tluit being the {toint about which 
the revolution has taken place. But tliuugh the form of 
that port of the ship’s body which is beneath tlie surface of 
tl»c water ailer the inclination, wiU ditfer from the form of 
that which was beneath the surface before the inclination, 
the total displacx^ment will continue the tame, since the 
weight of the ship lias not l>ecn cither incri^ased or dirai- 
nislied by the inclination ; consequently the solid con- 
tent, or the displacement of that |K>rtioii of the body which 
is immerK'd by tlie inclination, will be exactly cx]ual to the 
solid content, or the displacement of tlutl portion which is 
enterged by tlie same cause. But the forms of these two 
solids, which we shall call the solids of immersion and 
emersion, are not necessarily similar, and therefore their 
centres of gravity are not necessarily situated in tiie same 
transverse vcrtic^ section of the vessel. If the centres of 
gravity of these two solids should be situated in the same 
transverse vertical section, tlie inclination of the ship will 
be round her longitudinal axis ; but if the centre of gra- 
vity of the solid of immersion be situated either before or 
abafl tlie transverse vertical section in which the centre of 
gravity of the solid of emersion is situated, in eitlier case 
the motion of the sliip in performing the inclination cannot 
Tbeir ef- be round an axis coincident with its longitudinal axis; and 
l.vl on ihf tlie position of the centre of gravity of the displacement, in 
?ir pawing to leeward of the position which it occupied before 
inclination look place, will be influenced by the rela- 
Divui. situations of the centres of gravity of these solids of 

immersion and emersion. As this irregularity of motion 
is injurious to Uie shii), it is desirable to obviate it by regu- 
lating the form of the body, both above and below* the 
load water-section, in sucli a manner that the centres of 
gravity of tlie solids of immersion and emersion may be in 
the same transverse vertical section of tlie ship. 'J'he form 
of that part of the body situated above and Ih'Iow tlie load 
water -line is also dependent upon the following considera- 
tions. Altliougli the total displacement a/^cr the inclina- 
tion must necessarily be the same as (liat before the incli- 
nation, the shape of tlie ship’s body may be sucli tliat thcTc 
will be a tendcnc*)' to immerHe a greater or a less solid on 
the one side tlian is emiTgcd on the other ; which tendency 
will have the effect of causing the axU of rotation, and con- 
sequently the centre of gravity of the sliifi, to rise or foil in 
space during the iiidinatiuii, and loll or rise in space dur- 
ing Uic return to tlie upright position ; for slncv the total 
displacement of the ship continues constant, the solid w liich 
is actually immersed cannot exceed that which has emerged. 

It is llierefore evident that the existence and extent of 
this motion must depend upon the position of the centre of 
gravity of the shi|>, and also on the ibrm of tliosc parts sub- 
alternate immersion and emersion. For the better 
^ illustration of this point, wc will suppose a ship of such a 
form, that when site is floating upright on Uiu water, her 
sides between wind and water, tliat is, those parts of her 
sides subject to the alternate immersion and emersion, are 
First case- vertical. Wc will first aaviime cliot the centre of gravity 
of tilts sliip is coincident with tiie centre of gravity of the 
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load water-section. In this Case Uiere will evidently be no Theory, 
tendency in the ship either to rise or fall during Uie inclina- 
tion, because the two prismatic solids intercepted between 
the load watcr-scctioiiB before and after Uie inclination are 
equal, and the axis of revolution of tlie sliip is coincident with 
the line of intersection of the two load water-sections. Now, Second 
if we assume the centre of gravity of the ship to be situated caie. 
beneath the load water-section, and the inclination to take 
place, Uiis centre being Uie axis of inclination, there would 
be a much larger solid immcrBcd than was emerged, be- 
cause the line of intersection of the two load water -sections 
would be to windMard of the longitudinal vertical section 
of tlie ship ; but in order to restore the equilibrium be- 
tween the upward pressure of the water and the weight of 
Uie ship, the axis of rotation or centre of gravity of the 
ship must rise until these two solids become equal. j\gain,Tbirdcac«. 
in the case when the centre of gravity of the ship is situ- 
ated above tlic load water-section, it will be evident that 
the tendency of the inclination of the ship round it would 
be to raise a larger solid out of the water than would be 
immersed on the other side, unless the weight of the ship, 
in its efibrt to restore the equilibrium between the upward 
pressure of the water and itself, were to cause Uic centre 
of gravity of the ship to be lowered until the two solids 
became equal. Now, if we suppose the sides of this same General 
sliip w ere formed in such a manner as to fall outwards fromeonriu- 
the load water-section upwarcU, we sliall easily perceive, riwu. 

tliat in the case where the centre of gravity was supposetl 
Co be beneath the load water-secrion, the injurious quality 
would be incTcased ; wrhile in the case in which it was sup 
posixl that tiie centre of gravity was above the load water- 
section, it would be diminished. The foregoing examples 
arc sufficient to illustrate the principle on which this cauM* 
of uneasiness of motion in a ship depends, and also to point 
out the means which must be taken to obviate iL We 
see, then, that it is essential, not only that the cenCref of 
gravity of the solids of immersion and emersion should be 
ill the same transverse vertical scetkm, but also lluit these 
•olids should be as nearly equal to each other at all Uieli- 
nations as possible, ami that the greater the deviation from 
equality between tlic solids of immersion and enicrsioo, the 
greater Uie strain the ship w ill be subjected to, and tlie 
greater will be the uneasiness of lier motions. 

In order to obviate this fault, it would be necessar)’ to Adjust* 
compute the exact position of the centre of gravity of the™®°t ’d" 
slitp when completely ready for sea, iJiat the correct |jri3-|^J^ 
matic solids of immersion and emerdon might be ascertain- 
ed and adjusted to equality, and to have their centres of 
gravity in the same transverse vertical section. But tbeljihoiir 
computation uf Uic exact position of the centre of gravity sttendunt 
of a ship completely fitted is a task of such magnitude, and,°°. 
in consequence, of such hazard of incorrectness, that it 
scarcely be considered practicable. Its position must be 
termined in relation to the three dimensions, length, breadth, «Jiip. 
and depth ; relatively to two of these, however, it is aacer- 
taiiied from the consideration that it U necessarily in tlic 
same transverse vertical section os the centre of gravity of 
the displacement, and that, as it must al.'O evidently be in 
the longitudinal vertical section of the ship it must be in 
tile line of intersection of this transverse vertical section 
with Uie longitudinal vertical section of the ship. But its 
position in relation to the load water-section, if not deter- 
mined by experiment, must be ascertained by a most te- 
dious and laborious calculation of the moments of the weights 
estimated from the loud water-section, the sum-total of 
which moments being divided by the di^lacement of the 
sliip will give the perpendicular distance of Uic centre of 
gravity from the lo^ water-section. This process has been 
gone through for several two-decked line-of-batUe ship at 
Uic late School of Naval Architecture, and it was ascertain- 
ed Uiat the psitions uf their centres of gravity varied from 
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Tfaeorj-. seven 10 nine mches above the load water>scction. We 
ahall, in iu proper place in this anide, describe tJic manner 
of Ending experimentally the position of tlic centre of gra* 
vity of a ship» merely here premising, it is assumed gcnc> 
rally, that in ships of war the centre of gravity is rather 
above the load water«section. 

In almost all classes of vessels, several of the transverse 
vertical sections on each side of tlie midship section are si- 
milar and equal to it, and generally the form of Utese sec- 
tions Is such, that there would be but little disturbance, dur- 
ing the inclination of the ship, in the adjustments of the 
solids of immersion and emersion ; but the sections before 
and abat\ these, as they approach the extremities, become 
more dissimilar in tliosc portions of them above and below 
the load water-section ; consequently,although,as has before 
been said, the total volumes of immersion and emersion 
roust necessarily be equal, the areas of tlic sections of the 
immersed and emerged solids, at any given transverse ver- 
tical section ofthc body, need not be equal; it becomes there- 
fore necessary to determine the position of the intersection 
of the inclin^ load water-section witli llic load water-sec- 
tion of the ship in her upright position. 

To deter. SupjxMe G (5g. 1) to b« the centre of gravity of the 
min* line of ship, .\B the water-line 
^•'**^*u wIm-u slic is upright, 

'riSnUl^”” *"■* *« '* 

Ucal line GC in the 
cUiwd load point D. From the 
wwter-sec- centre of gravity G 
iwm. draw (5 V', making the 
angle DGY cqui^ to 
the supposed angle of 
inclination of the sh^ 

Take GY eoual to GD, 
and through the point 
Y draw the line OH 
perpendicular to GY. 

^cn O H is the water- 
line H'hich the ship will 
assume after tlie in- 
clination. I.«t this inclined water-line intersect the water- 
line AB in the point S. Through D draw NM paral- 
lel to OR. It is clear that, suppoaing the centres ot gra- 
vity of tlie solids of immersion and emersion to be in the 
same transverse section, in every vertical transverse sec- 
tion of the ship the distance DS will be tlic same, and the 
several points S, S, S, will be in the straight line forming the 
intersection of the two load watcr-sectiona, which line of 
intersection will be parallel to the loomtudinal axis. Now, 
if, by a calculation of the contents of the solids of immer- 
sion and emersion, which are represented in the figure by 
the triangles ASR and BSO, which contents may be calni- 
latcd by either of the nilea for approximation, they are not 
found U) be equal, they must be dtered until Uiey become 
so. In order to find the pouUon of the point S, or the dis- 
tance DS, we have the area ASR equal to the area BSO, 
which call equal to A, and let the area DSRM = o, and the 
area DSON = 6, 

then ADM = A -f- o, 

BDN = A— 6, 

and ADM — BDN = a -f-6 = MNOR 
= MN X ST nearly, 

= MN X DS X sin. of inclin. 




ns- ADM ~ BDN 
" MN X sin. of inclin.' 

In order to obtain the areas of the sections of the pris- 
matic solids, chords may be drawn in cad), which will di- 
vide it into two others, a triangular and a parabolic area. 
The triangular area will be equal to half the product of the 
base multiplied into its perpendicular height. The para- 



bolic area will be equal to two Uiirds die base multiplied in- Tkctirj. 
to its |>erpendicuLir height. The moment of each of these 
areas may then be found by taking die sum of the product of 
die area of tlic triangle multiplied into the distance of its 
centre of gravity, estimated along die irKlined lirve from 
the point S; and that of the product of the parabolic area 
multiplied into the dbtance of its centre of gravity, also 
estimated along the inclined line from the point S. 

We liavc said, tliat when a sliip is floating in equilibrium Bxpiaiw- 
on a fluid, the vertical upward (wessure of the fluid acts 
die straight line passing through the centres of gravity both jjj”" 
of the displacement and of the vessel ; but that when she 
ts inclineu by die action of any force, as (hat of die wind, 
die centre of gravity of the displacement is carried to Ice 
ward of its former position ; and as the vertical pressure up- 
wards of the fluid still takes place at the centre of gravity 
of the displacement, its direction sliould alto pass to leewanl 
ofthc position of die centre of gravity ; and thus a force b 
generated the tendency of which is to enable the ship tn 
recover her upright position. We will now investigate the 
expression for the value of thb force, in order to show the 
principle on which the actual calculation of its amount in 
thijis is necessarily founded. 

InteMiffotion of a Gtnerai Exprfstion for lAe Stabiliiy of a 

Shipt and VtKripdon of tlu Method (f ea U uk Ui ng the 

Stability. 

Let ABC (fig. 2) be the midship secdoo of a ship, and 



Fig. 2. 




AC the line of its intersection with the surface of the water. 
Suppose oc to be the same line when the ship is incUi>ctl, 
K Doing the point of intersection of the two lines. Now, 
by die inclination of the ship, of which we have taken die 
midship section to be a representative, a solid will be im- 
mersea on the lee side of the longitudinal axis, and an equal 
solid emerged on the weather side of the same axis. Call 
these solids respectively I and and suppose them to be 
concentrated in dieir resjieclivc centres of gravity. l.ct 
the horizontal dbtance between the centres of gravity of 
these two solids be b. Then, since the inclination of the 
•hip has had the effect of taking the solid E from die Ub- 
placement on the weather side of the middle lir>c. and has 
added the solid I to the displacement on the lee side of the 
middle line, die same effect is produced as if die solkl £ 
had been transferred to I; and the moment produced by Ihit 
transfer, which would be or &K, Is the moment which is 
actuallv produced in the horizontal direction along the dis- 
tance h. 

Let G be die centre of gravity of the ship, F the centre 
of gravity of the dbplacement when the ship b upright, O 
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Theory, thc Centre of gravity of the diaplacemcnt when the ship is 
v'"^incUned. Draw OM pt'rpcndicular to or. Then, after the 
indination, the line OM will be vertical. From F and G 
draw FT and GV', perpendicular to OM, and from Gdraw 
GZ parallel to )IO, cutting FT in Z. 

Now, when the ship has inclined so that tlie point O be- 
comes ti)c centre of gravity of the di^lscement, the uj>- 
ward pressure of ttic water acts on the then vertical line 
OM, with a force e<)ual to thc weight of tlic ship, because 
it supports that weight ; that is to say, with a force e<]ual to 
tlie aisfdacement, which we will represent by D. Dut the 
axis ut' revolution is the point G the centre of gravity, and 
(tV being draa n from this point perpendicular to the direc- 
tion OM in which tJie force acta, D the displaceaient multi- 
plied by (r V, iLs perpendicular distance from the axis of ro- 
tation, will be the force exerted to right tlie ship, or make 
it resume its upright position. But, by the construction, 

D X GV = D X FT— D X FZ. 

Now D X FT is the horizontal moment of thc di^acement 
produced by the transfer of the solid from thc weather to 
tlie lee side of thc middle line ; it Is therefore et|ual to the 
horizontal moment hU and consequently we have thc effort 
to right the ship, or thc moment of stability, as it is called, 
= M — DxFZ. 

But if # be taken = sin. of inclination, 

FZ = s X rad. FG, 
or if FG = then 

General ei moment of stability = /d — D*^j. 

prrt.4m. Hence, in order to calculate tlie actual moment of stabi- 

i(» viilue. jjiy given angle of inclination, 

1. Assume an inclined I<^ water-section, cutting the 
horizontal load water -section at an angle of winch s is tlie 
sine; and siqipose the assumed inclined and the horizontal 
load water-sections to intersect each other in their common 
iutersection with thc longitudinal vertical section o<' the shi{v 

2. Find, by tiic metln^t of approximation, the solid con- 
tents of the two prismatic solids of hnmention and emersion, 
intercepted between the segments of the inclined and the 
horizontal load water-sections. 

3. Find, by the method of approximating to the arcit of 
plane surfaces, Uie area of the above-meutioned a&sumed 
inclined section. 

4. Fine! the value of DS (6g. 1), which has been shown to 
be equal to the diifcrcnce Wtween the contents of the pris- 
matic solids of immersion and emersion, already found, di- 
vided by thc product of the area of thc assumed inclined 
section, into s, the sine of the angle of inclination. 

5. Through thc point S draw a section {larallel to thc as- 
sumed inclined section; find in each vertical transverse sec- 
tion the areas of each of thc sections of the true prismatic 
solids of immersion and emersion ; and also 6nd the horizon- 
tal inumeiits of these areas from the point S. 

6. Find the horizontal distance <d' tlic centre of gravity 
of thc whole cmprgc<l solid from S, assuming the emerged 
solid to be equal to half tlie sum of thc two solids of immer- 
sion and emersion, which are inlerc'epted between the wg- 
ments of the assumed inclined load watcr'Scclion and the 
horizontal loail wutiT- section. 

7. Find also thc horizontal distance of thc centre of gra- 
vity of the whole immersed solid Ihim S, assuming the im- 
mersed solid to be equal to half the sum of tlie same two 
solids of immersion and emersion. 

8. Add these two distance'^ together ; their sum will be 
the burizontal distance between the centres of gravity of 
tlie Solids of immersion and emcrsiuti. Take the product 
of this distance multiplied into half thc sum of tlie solids of 
immersion and emersion, and we shall have thc value of the 
poaitive ;tart of the expression for tlic moment of stability, 
or the value of /d. 

9. The product of three quantities, the displacement, the 
distance b^ween tlic centres of gravity of tlic ship and of 



the displacement, and the sine of the angle of inclination, Tbeorr. 
will give the value of Uie negative part of the expression, 

10. Subtract the value of the negative part of the ex- 
pression from that of the poMtive part, and the remainder 
will be the value of thc expression for thc moment of sta- 
bility of the ship at the given angle of inclination. 

ll will be seen that the calculation of the moment of 
stability of a ship is very laborious. Several of the steps 
above enumerated in oi^er, will, however, have been al- 
ready taken for oiher purposes. The calculations may be 
considerably shortened by assuming a value for tlic distance 
DS, or thc distance that the point S is from thc middle line 
of thc ship. We have already described tlic metluxl of as- 
certaining this distance corre^y, but generally it may be 
assumed to be about two or three tenths of a foot at first ; and 
if thc solids of immersion and emersion arc not found to be 
equal, nr very nearly so, with that aiasumption, another point 
must be taken, either within or without the former, accord- 
ing as the solid of immersion or emersion is thc leaser. If 
e be the difference between tlic two solids, and a tlic area 
of tlic first assumed inclined section, if s be the perpendi- 
cular distance between the true inclined section and the 

section we have aseumed, ax will equal r nearlv, or a: = -, 

a 

which distance must be set off perpendicularly to the as- 
sumed section, and we obtain the correct position of the 
point S. 

In order to determine the distance d between the centre 
of gravity of tlie ship and the centre of gravity of the dis- 
placement, the distance of thc centre of gravity of the ship 
above or below Uic load water-line must be ascertained. 

To avoid the labour attendant on obUuning the position of 
tills point by calculation, it may be determine experi- 
mentally in each class of ships of war when fully stowed and 
vX]uipped. 



Method of aseeriaviinp the Centre of GranVy cf a Skip by 
Erperiment. 

We shall describe two methods of performing this expe- On what 
riment. Tlic lirst of these was proiioscd by Chapman, and pnnrijtJr* 
he strongly recommended that it sliould be made on ships 
of all cbisHcs. The principle on which it is founded is as 
follows. V'arious weights on boanl are removed in a trans- 
verse direction, so as to cause the ship to incline ; and the 
momentum of the total weight so removed will necessarily 
be equal to the moment of stability. Now the momentum of 
the weight removed will be equal to the |»rnduct of the 
weights, the distance they arc removed in a transverse di- 
rection, and the cosine of thc angle of inclination ; which 
qiuuitity, Uicrefore, is equal to the moment of stability. If 
W represent the weight^ a the distance they arc removed, 
and c the coaine of the angle of inclination ; then, 61 — Dds 
being thc expression for the moment of st^ility, we Iiave 
this equation, 

\V • a • c s 61 — D</r, 

^ 61 — W-o'c 

in which d, the distance between the centre of gravity of 
the ship on<l the centre of gravity of the displacement, is 
the only unknown quantity, and may tlicrcforc easily be 
found. 

We shall now describe the method by which this exne-Ii*apf>]»ra. 
riment was ajiplicd to determine the centre of gravity of her***'" ^ 
nuijcsty^s ship sloop Scylla, of eighteen guns, and which 
was originally an cighlecn-gun brig. She was lying in 
Portsmouth harlxmr in May 183U, under tlie command of 
Captain llindrasrsh, at whose request thc experiment was 
pcrformc<l, by thc late Mr Morgan of the School of Naval 
Architecture, then a foreman of her majesty’s dock-yard at 
Portsmouth, assisted by the wriU-T ot' the present article* 
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I’lif ory. Theic particulars arc mefitioncd because it was the first* if 
Jt be not the only* example, in this counlrj', of determining 
the position of the centre orgravity of a ship experimentally. 

The draught of water was taken very correctly* the 
water being smooth, and was found to be, forwonl eleven 
feet six inches, abalt fourteen feet ten inches and a half. 
Tlic depUi of the keel and false keels below the lower edge 
of the rabbet of the keel was, forward one foot nine inches, 
abalt one foot three inches. The ship was perfectly un- 
right, all the weights, inclusive of the crew, being equally 
balanced on each side. A large quadrant marked to a scale 
of degrees, with a plumb attach^ to the centre, was fixed 
in the main hatchway, to measure the inclination. The 
stations of tl)e carronades and long gun on one side were 
markiHl on the deck, they were then moved to the other 
side, keeping them in the same transverse lines ; the shot, 
the hammocks, and tlie crew, were also passed over to the 
inclined side, und(*r the same condition. The distance 
which every weight had been moved was then measured. 
The weight of tJie shot moved was known, the wtiglils of 
the long gun and the carronarles were taken from the 
weights marked on them, and the weights of th^men and 
hammocks were obtained by weighing them. The tuclina- 
tioti of Uic ship was tiren observed to he ti’’ '^(V. The pro- 
duct of the weights which hod been moved, multiplied into 
tliC distances they liad been moved in a transverse direc- 
tion, in feel, was equal to ‘^G4‘6 tons. This moment, multi- 
plied into the cosine of the angle of inclination, was evi- 
dently equal to the nmment of the stability of the ship. 

Let U be the displacement of the ship in tons ; I the vo- 
lume immersed by the inclination, also in tons ; b tlie dis- 
tance between the volumes immcr^nl and emerged ; and d 
the distance betw een the centres oV gravity of the displace- 
ment and the ship. 

Then — db x sin. 6* gcy = 2G4*5 X cot. 6® 

M — 2G4*.iXcos.6^ 

■ 'sin. b“WD 



By substituting the values of 61 and D obtained by calcu- 
lation, in this expreswon, tlie value of d, the distance be- 
tween the centre of gravity of Uie displacement and the 
centre of gravity of the ship, is obtained. 



_ 446-2 — 262-8 
5<H*5 



= 3-6 feet. 



'n»e distance of the centre of gravity of the displacement 
below the load water-line being equal to 9-117 feet* .3*97 

3-6 = *37 will be the distance of the centre of gravity 
of the ship below the load water-line at the time of mak- 
ing the exf>crinient. 

When Me ship was at Spithead, completely fitted out, 
with every thing on board that was deficient at lire time of 
making the experiment, and with her provisions and storci 
for four months, the drauglrt of water was again taken, and 
fouiKl to be, forward twelve feet six inches, abafr fourteen 
feet ten inches. The weights of all the articles brought on 
board since tire experiment amounted to 33*4 tons, atnl the 
moment of these weights calculated above tfie water-line 
at the time of sailing was = 193 tons; the height of the 
centre of gravity of the sails being estimated as in the case 
of a top-gallant breeze. 

The moment of w eights below this water-line at Uie time 
of making tlic exjieriinent = 401 tons, 



401 — 193 
494*4 



= *42 feet. 



Tlic situation of the centre of gravity of the ship was ‘42 
foot, or five inches, below the water-line, at the time of 
sailing. 

The correction to tlic result of this experiment which we 
rxpvriiticnt ^ ^ made at pithead, in consequence of the ad- 

doubtfuL ditional weight that had been taken on board afrer the ship 



had left the harbour, must, from the great hurry incidental Theory, 
to any observations made at the time of a ship's sailing, r 
throw some doubt on the correctness of the final result; and 
it would be therefore desirable that it should receive tJie 
confirmation of a second trial on some similar ship, before 
its being assumed as conclusive to be the correct position 
of the centre of gravity of a stoop of war. 

The second nK-thod was j>ro|x>scd by Mr Abethell, aKspcrimri 
member of the late School of Naval Architecture* and w-asta) method 
publislicd in the second volume of the Pape« on Naval Ar- 
chitecture. It is applicalde whenever a ship is taken into** 
dock w ith the under side of her keel deviating from paral- 
lelism with the upper surface of the blocks, 'fiiis ia almrat 
always the case ; and it also not unfrequenlly occurs that 
shi|)S are docked ** all standing,* and with so large a por- 
tion of their armament and stores on boani, that the cor- 
rection necessary to be made to the result which would be 
obtained by the experiment and investigation about to be 
descrilwd, in order to make that result agree witli the cir- 
cumstances of any additional armament and equipment* 
would be comparatively easy. ^Ve will now quote from the 
article in question. 

** We will suppose, by the falling of the tide in the dock* 
the after-extremity of the keel to come first in contact with 
the blocks ; then, as the tide continues to fall, the after-body 
is gradually forsaken by tlic water, and the fore-body fur- 
ther immersed, a constant equilibrium being maintained be- 
tween tlie total weight of the shin and the pressure of the 
w ater against the immersed part of the body, until the ship is 
aground fore and aft. At any intermediate instant the ship 
may be considered as a lever of the second kind* of whicn 
the fulcrum is the transverse Hue or point of contact of the 
keel and after-block, and tlic power and weight the weight of 
the immersed volume and that of the ship respectively, each 
acting in tlie vertical line passing through its centre of gra- 
vity. As we can, by mensuration and calculation from tlie 
draught of the ship, easily find its weight, that of the im- 
mersed volume, and the (icrpendicular distance of the line 
of pressure from the fulcrum ; in the equation of the mo- 
ments, the distance of the vertical line passing through the 
centre of gravity of the ship is the only unknown quan- 
tity* wbidi is therefore readily determined. AN (fig. 9) 



Fig. 3. 




sition of the ship, and KL the observed water-line just 
previously to the fore-part of the keel touching the blocks. 
Thu line PBO* perpendicular to AN* passes through the 
centre of gravity of the displaced volume AFMN, and 
consequently through that of the ship. Drew QH through 
the centre of gravity of the volume KFML* perpendicular 
to KU and FG through the fulcrum F, parallel to QH. 
Then* putting the total displaceroent AFMN = V* KFML 
sr p, and GH = 6; if tlic line b£0, parallel to QH. be 

hv 

drawn at the distance GE from G equal to it will, as 

well as PRO, pass through the centre of gravity of the ship* 
which will be in O, the point of their intersection. 

** To obtain from these considerations a general expres- 
sion for Uie perpendicular distance of Uic point O from Uic 
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water-line AN, draw AD perpendicular to EG, and moet- 
ine it, when produced, in D; and, having cjdculated the 
voJuea of AB and GR, put At) =o, DE or DG -t* GE = <A 
and the angle of inclination between the water-lines AN 

and KL=; A; then BO sr { — ^ — c/> ^ — j which must 

Vcoo-A /ton. A 

be set off upon the perpendicular FDO, above or below AN, 

according os — is grrater or less than a.** 
cos. A 

There are several other methods by which tJie centre of 
gravity of a ship may be found experimentally. One was 
proposed by Don Juan d’Ulloo, a Spanisli writer on naval 
science, and a navigator and mathematician of very great 
eminence, whose Morka ore among the best extant on the 
subject of the theory of ships. They have been translated 
into French; and the description and investigation of the 
experiment for finding the centre of gravity of a ship liaa 
been translated into English by Mr Read, in the Essays and 
Gleaning on Naval Architecture, a periodical work con- 
ducted tor a short time with great ability by Messrs I^re^ 
Head, and Chatheld, all membcni of the late School of Naval 
Architecture. Another method was pro|)osed by a student 
at the same establishment, nnce dead, named Barton, lliis 
method was published in tlie hflh number of Papers on 
Naval .Architecture. 

We have hitherto, throughout our investigations, assumed 
that the vertical pre«u>ure upward of the water to support a 
ship acting in the direction of its resultant, must exert a 
force tending to resist the force of the wind by which wc 
have supposed the ship to bo inclined. We sliall now pro- 
ceed to sliow that this b not necessarily the cose, but that 
the tendency of this force may not be to act in the manner 
we have hitherto assumed it os acting ; and (hat its effect b 
dependent upon the }>osition of the centre of gravity of the 
ship, the point around which she is supposed to revolve in 
inclining. ITierc are three cases which may occur. The 
first is, lliat the vessel, when acted upon by the force of the 
wind, may assume a permanent inclination. This perma- 
nent inclination would ensue if the resultant of the upward 
pressure of the water were, sAer the inclination, ^1 to |iasa 
through the centre of gravity of tlie sliip. The second case 
is that in which the vessel would recover tlie upright po«i- 
IKH) immediately on the removal of the inclining force. 
This would ensue whenever the resultant of the upward 
pressure of the water, sAer the inclination, would pass on 
the immersed or lee side of the centre of gravity of tlie 
sliip. The third cose Is that in which the efiW-t of the ver- 
tical upward pressure of the water would be to increase the 
inclinatkm of the ship. This would ensue W'hencver the 
direction of tJie resultant of the upw’ord pressure would pass 
on the emerged or weather side of the centre of gravity of 
tile ship. 1 hesc three states of equilibniim, which arise 
from these considerations, are called the state of insensible 
equilibrium, of equilibrium of stability, and of equilibrium 
of instability. 



Or fhe ^ftlacmtre, 

A Umit to It b evident, from the foregoing considerations, that there 
(he pod- b some limit to the height of Uie centre of gravity of a 
^ ship, and below which it must necessarily be placed, in or- 
of upright pcMition may be recovered ; that b, 

■ Thipf ^lip, when inclined hy die force of the wind, may 

be in on equilibrium of stability. The situation of thb 
point was first investigated by Bouguer, who called it the 
NKtorrntrr, which name has been generally adopted by sub- 
Hebbtof sequent w riters on naval architecture. Its height b deter- 
wetnevntre rained in the fullowing manner : The vessel is supposed to 
be inclined through an infinitely small angle of inclination, 
that the intersection of the new load water-section with that 
previous to tlie inclination may not be supposed to deviate 



from the middle line of cither, so that the infinitely small Theory, 
solids of immersion and emersion may be considcrird to be 
equal to each other. Then the point in which the new line of 
direction of the vertical upward pressure of the water will 
cut the line of direction of the same vertical pressure be- 
fore the inclination, b the point beneath which the centre 
of gravity must necessarily be situated to insure the vessel’s 
flouting on the water in tho equilibrium of stability. 

In order to determine the height of the metacentre above 
the centre of gruvitv of (be displacement, let dm half 
breadth at the water-line AB of die midsliip section ADB 
(fig. 4) = y. Let E be die centre of gravity of the db- 



Fig. 4. 




placement before the inclination, F the centre of gravity of 
the displacement uAer the inclination, and let ab be the 
new water-line ; then Uirough £ and F draw £G and FG 
respectively perpendicular to the water-lines AB and a6. 
They will meet each other in some point G. G, the |x>im 
of their intersection, b the mctaccntre, and EG b the height 
of the metacentre id)ove the centre of gravity of the liis- 
placement 

The triangles ACo, BC^ arc equal, by die conditions 
of the construction ; and if x be the length of the pris- 
matic solids of immersion and emersion, ACo * dx and 
ore equal, and may be supposed to be concen- 
trated in their respective centres of gravity M and N, MN 

being by construction I hen the moment of the trans- 
fer of the solid of emersion to the position of the solid of 
4 

immersion = BC^'dx'gy. Let Aa = B6=6. But the 



triangle BC6 s 



2* 



therefore die moment of immersion 



zr dierefor^ rz D • EF ; but 

FF 

6:y::EF:EG.* t = 

EG 

By substituting and multiplying both sides by 

/?^ = D-EG, /|^ = EG. 

The height of the metacentre b the measure of stability A nwssur'f 
used by the French naval architects, and indeed gene- of ttubiLty. 
rally by all since the first investigation of iU principles by 
Bouguer in his TraiU du Navirt. The error in its prac- 
tical application b, that the investigation involves the erro- 
neous supposition, that the transverse sections of the im- 
mersion and emersion ore right-angled triangles, and that 
the horizontal distance between their ctmtres of gravity b 
two thirds the breadth of the load water-line. TEese so- 
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Theory, numptions *rc only tnie at an in6nitcly small angle of incli- 
nation, and at surh only, therefore, is the hei^t of the me* 
•^^*2j^j^taccntre a correct measure of stability. Atwood, who pub- 
two papers on the stability of floating bodies, in the 
t oo. Philosophical Transactions for the years 1796 and 1798, 
was the first who pointed out the error in the metacentric 
measure of stability, and who proved that it was neces- 
sary to involve the actual content immersed or emerged, 
and the correct distance between the centres of gravity of 
the solids of immersion and emersion, in the expression, 
in order to apply it to tlie measuring llie stability of bodies 
at finite angles of inclination. It is therefore to him Uiat 
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On th* Principal Dimensions q /* a Skip, 



In a siiip of war the efficiency of the arnuiment is neccs- Diinm. 
sarily the primary object of the design ; this must therefore Re- 
determine the dimensions : also, whether in a fleet or in *** 

a single ship, Uic greatest effective force must be obtained jupjm 
at the least expense ; or, as when sliips are built, masted, 
rigged, and their armament complcled. all of similar mate- 
rials, their expenses will vary as their dispLacementa, the 
object to be attained is the greatest effective force with the 
least duplacement. 

But there is anoUicr point involved in the question of the Varisbb 



the thcorv of ships is indebted for the corrccl solution of efficiency of the armanamt, w hich very materially influences quantiurt 

. . .... ... , - . j; I - I. • .i.„ r- « -c:- to com. 



the problem on which tlic stability at finite angles of incli- 
nation depends. 

Atwood agrees with Bouguer in his general reasoning on 
the metacentre, and even admits that it may be usctl at 



the displacement. It is llie time for w hich a ship is intend- ‘^“*5*' 
ed to maintain her armament in an efficient state, " 
other aid than that which she can carry. This brings us 
the consideration of the variable quantities w hich are to be 



<Hi the in. very small angles of inclination, as a sufficiently accurate added to those before enumerated, to complete the load-dis- 
rorrertiH**. of the Stability ; but asserts the danger of its ap- placement The crew is dependent on the armament alone, 

I’ .l '*' plication to practice as’a measure at all angles. He sliows and therefore is inclmled in the term armament But tlic 



that two shijw may have precisely the same load water-sec- 
tion, which, suppocitig the relative distance between the 
centres of gravity of the ship and of the displacement equal 
in both shi)M, will determine the height of the mctacentre 
to be the same, and consequently, according to the meta- 
centric theory, the stability to be equal ; and yet, from a 
difference in the forms of the ships' bodies within the limits 
of the immersion and emersion, the moments of stability, 
Praetiral when correctly measured, may be very different. But while 
rmir Irene- we state this as the result of Atwood's inquiry, wc must ob- 
nilljr unitn*g(^ve, that the practical error between the metacentric me- 
|H»fUu»u Bouguer, and the certainly correct method investi- 

gated by Atwood U not of any importance for small angles 
of inclination, especially in large siiips; and further, that a 
constructor who is acquainted with Atwood’s investigations, 
and who is therefore aware of the correct principles on which 
the stability of ships depends, may safely afiply the meta- 
cetitric method in his practice, as his bodies will be formed 
in accordance with Uie results of Atwood's' investigations. 
It will only be in cases of some important alteration from 

f treviously existing form, dimensions, or services, tliat the 
abour attendant on the calculations involved in Atwood's 
expression will be necessary. 



provisions for this crew, and llie stores tor the wear and 
tear of the ship and ti)C service of the gtms, are dependent 
on the time that the ship is intended to remain at sea with- 
out replenishing tliesc resources. It is evident, that the 
longer this time, the greater muAt be the displacement, and, 
conMrqiiently, the larger should be the dimensions in pro- 
portion to the armament 

It results, from the foregoing reasoning, that the nation Practical 
witli the niost aide-spread posscssiuns, and tliertdbre thcad''ants#n-s 
most fre<juent opjxirtunities for refitting and replenidiing m***! 
her fleets has the advantage over all others- For she 
maintain e<|ual armaments at less cx|)cnse, or su|»erior sr- 
mameiits ui an equal expense ; while she may also avail her- 
self, in the one case, of additional velocity, which may be 
attained with the diminished displacement 

Many arguments might be dtiluced Irom the same con- 
siderat'ons in favour of the principle of occasionally design- 
ing specific ships for specific services. These of course 
wouki only apply to the fleets of those nations aluch aspire 
to wide-spreading and predominant naval power. 

We shall now offer some general remarks on the two di-I.mgihand 
mensions, the length and the breadth. It will be 
from the foregoing observalions, that the minimum 



ftctifrml T^e question may probably be staled to resolve itself '* space i^uirec^for the ]M:rfcclly effitHenl^ working of 

fowclosions. nearly into this. That ships might be built in which tiie * » * 

stabilities calculated by (he two methods would vary very 
considerably t also, that at very great angles of Inclination 
the stabilities of ships, such in form as are sometimes built 
would be found to differ very greatly when calculated by 
the two methods, but that a constructor acquainted with both 
methods would never construct a ship, using only the me- 
tacentric method in the progress of his work, which would 
be proved unstable if Atwo^'s calculations were applied to 
tile finished design. 

In applying the expression to find the height 

of the metacentre, wc may again have recourse to the 
rules of approximation. The common rule for obtaining 
the area of a plane surface may be applied, substituting the 



the guns, and that the minimum breadth is the s^iace re- 
quired for their recoil and effective service, without hind- 
rance to the mana'uvres of the vessel, in the must disad- 
vantageous state of weather during which they can be used. 
This cunsideratiuri necessarily involves a defined and a suf- 
ficient tiMHnent of stability. These minima are the dimen- 
sions due to die ship when masted and rigged, and wiili her 
armament completed : any increase is dependent on the dis- 
placement necessary for the additional stowage tiiat may 
be required for a specific time of service, longer than that 
time for w Inch the ship, as thus determined, would he ade- 
quate. Then Uie increased dimensions due to this increas- 
ed dis()1aevmcnt being ascertained, under tl»e &an>e condi- 
tions of perfect efficiency in the vessel, any increase of one 
dimension must be Ibllow ed by a diminution of the otlier ; 
or the displacement, and consequently the expense, will 



cubes of tl>e ordinates of the load water-section inst^d of be above the limit required for the armament. 



the ordinates themselves. 

The result will be the value of yVr, and two thirds of tins 
value divided by tlie displacement will give the height of the 
metacenlre sbove the centre of gravity of the dUplacemenL 
l*be reader who wishes to refer to coses of stability as 
connected with particular fbrrais should consult Atwood’s 
papers in the rhllosopliicai Transactions, or rather Mr 
Head's able simplification of them in the Essays and 
Gleanings on Naval Architecture, and also his Disquisition 
on the Melacentre, in Papers on Naval Architecture. 



We shall now proceed to show the effect on tlie qualt- KfTect of 
ties of the veaael, of the separate increase of either dimension ;>ncreaac; 
always premiung, that in each c*a5e all things else are sup- 
posed to remain the same, excepting the dimension und^ 
conskieration. First, tlicn, the length. The displacement, of U-ngth, 
the stability, and the resistance to leeway, var)' directly as 
the length; therefore we increase all these qualities in pro- 
portion to the additional length. But we also increase the 
violence of pitching and 'scending; for the momenta of the 
weights in the fore and afler bodies vary as the squares of 
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Tlieonr. their di«tAncc& from the axi« of rotation, consequently we 
t increase ll>e strain on the combinations of the structure ; 
and as the strength to resist Uiis strain varies inversely as 
the length, we diminbh the power to resist this increased 
strain. By an increase in the length wc also increase the 
effect of the resistance of the water to the rotation of the 
vessel in the mantcuvres of Ucking, wearing, and other 
changes of her course. 

cf breadth. By increasing the breadth, and by breadth we mean the 
whole breadth of that port of the b^iy included in llie li> 
mitj of the imroersions and emersions wc increase the 
stability, which varies os the cube of the breadth. Also, 
the angular momenta of the aeights estimated from the 
axis of rotation, vary as the squares of (heir distances from 
that axis, and the momentum of the stroke of a wave is in* 
creased in the same proportion ; therefore the increase of 
stability is accompanied by increased violence in tlic mo- 
tions, and consequent increased strain on the combinations 
and materials of the structure, and especially danger to the 
masts, by which the safely of the vessel may be compro- 
mised. The stability of a ship being the quality on which 
the efSciency of her armament is essentially dependent, and 
which also, by enabling her to carry a press of siul in cir* 
cumstancea of danger, as a lec shore, or an enemy of supe- 
rior force, is esaential to her safely ; the only limit to its 
increase is involved in the consideration of easiness of mo- 
tion. But if this consideration he neglected, and the 
bn-adlh be such that the moment of stability in pro|)ortion 
to the moment of sail is so large, or of such sudden increase, 
that the masts arc endangered or the combinations of the 
structure prematurely destroyed, the object for which a 
large moment of stability was desirable is frustrated. The 
breadth, therefore, is Umited by easiness of motion. 

By incrcose of breadth we increase the stowage, which 
varies as the breadth ; but since the direct resistance to 
the progress of the vessel also varies as the breadth, in this 
case wc do not gain increase of stowage without an increase 
of the direct resistance. 

Having thus pointed out in general terms the effects of 
an increase either of length or breadth, we shall quote from 
a very able article In the fifUi number of Papers on Naval 
Architecture, written by Mr Bennet, a member of Uie abo- 
lished School of Naval Architecture, containing some more 
particular observations on tJie breadth of vcmcIs in proportion 
Small ships to their armament and in relation to tlieir stability. ** The 
should capacities of ships increase as the cubes of their dimensions, 
have great, whereas the staoility increases as the fourth power of their 
dimensions. The inference to be drawn from this is, that 
tWn large '^'Pf greater relative breadth than lar^ 

sliijM. ships. This, however, must be understood with certain limi- 
tations : it may be a general, but not an universal truth. 
Were all ships homogeneous ; tlius, if a navy consisted en- 
tirely of corvettes, the corvette of eighteen guns ought to 
be relatively broader than the corvette of 1 20 guns : this 
Is a rule without any exception. It may be farther observ- 
ed from the previous remarks, that the corvette of eighteen 
guns should be relatively broader tluin the three-decked 
sliip of 120 guns ; but if a ship were built to carry 120 guns 
on four or even on five decks, her relative breadth should 
then approximate to, and should most likely exceed, that 
of the corvette, in order to insure sufficient stability. The 
consideration of this simple case may tend to elucidate the 
principles of stability when applied to cases of greater diffi- 
culty. If a three-decked ship of 120 guns is to carry the 
same force on a greater number of decks, her absolute 
length would of course be reduced ; and supposing her 
breadth to remain the same, the positive pan of the expres- 
sion of stability would be thereby diminished. The dis- 
placement, which is one element of the negative pen of 
the expression, would probably remain nearly the same, as 
the additional weight of topside might counterbalance the 



reduction of weight occasioned by less length. If the dis- Tbeorv. 
placement be eqiul in each case, the draught of water 
would be increo^ from U>e diminution of length ; this 
would lower the oentre of gravity of displacement, which, 
together with the centre of gravity of the ship being raised 
by Uic additional weight above tJie water, would increase 
the distance between the centre of gravity of the ship and 
dial of the displacement. On the whole, therefore, the po- 
sitive port of the expression would be dimlnishe<l and the 
negative part increased, so that the stability would be less 
in a sliip of the same force and breadth as another sliip, 
but which carried her guns on a greater number of decks. 

** Having seen the necessity, in the case of a ship carrying 
the san>e number and weight of guns as another ship, but 
CHI mure decks, of increasing die j^eadlb, in order to avoid 
a deficiency of stability, we may evidendy trace the same 
principle existing between die largest ship of an inferior 
class, and the least ship of a superior class, in which, if the 
number of guns be i>ot equal, it approximates sufficiently to 
make the appltcmlion ap^tarent; so that in the several gra- m- 
dutiems of corvettes, frigates, two-decked ships, and three- rel of p»^hi 
decked ships, the least vessel of each class is liable to llauL* 

wanting in st^ility, from its small cx>roparative dimensions 
r>ot sufficiently counUrocting the effect of additional 
and guns. In dib case, lliereforc, above all odiers, particu- 
lar care should be taken to give sufficient breadth to com- 
pensate for a tendency' to deficiency in stability; so dial, 
without much liability to error, we may conclude, — 

** 1st, That die small frigate should be reladvel) broodcrGmenl 
than the large cxirvctte. conclu- 

2d, That the small two-dcckcr should be relatively*'®^*' 
broader than the large frimte. 

“ Sd, That the sniall lhree-<lecker should be relatively 
broader than the lar^e two-decker. 

“ Between each oi diexe varieties there will be a certain 
point, if the expresrion may be used, where die superior 
and inferior classes of shi{M should liave the same ratio of 
length to breadth. This arises from the enlargement of their 
dim^sions increasing the stability in a greater proportion 
dian the weight of additional decks and guns dimioisLes die 
stability. Thus, 

** 4di, The middling-sized frigate should have the same 
ratio of length to breadth as the larfre corvette. 

5th, The middling-sized two-decker sliould have the 
same ratio of length to breadth as the large frigate. 

” 6th, The middling-sized dircc-dccker sliould have the 
same ratio of length to breadth as die large two-decker. 

As corollaries from the first three obs^ations, we may 
remark, 

** 7t)i, That the large corvette should be relatively broader 
tlian die large Irigule. 

** Hth, That the large frigate should be relatively broader 
than the large two-decker. 

** 0th, That the brue two-decker should be relatively 
broader than the large three-decker.’* 

'Fhe depth or draught of water a more dependent on Draught nf 
local drcumsiances than on accurate principles. A Hcet water tie- 
intended to traverse the AtlanUc may have lor different tn 

draughts of water from the ships of one (hat is destined for^®^*y* 
the Baltic. Cruizert for the open seas may be much deeper 
than those intended to watch an enemy’s coasL 

The average light draught of water which a ship will May heap, 
swim at, or the average loi^ draught of water that will beproxioui- 
found necessary for her, may be easily and accurately ap-®*^ ^ 
proximated to by means of the calculations of the diaplace* 
ment which have been already explained. 

The actual water-line, wnth the difference of draught of 
water which it may be considered necessary to insure to 
tlic vessel, may also be approximated to in the design of a 
ship, or approximately determined from the drawing of a 
ship already designed, on the following principle. Suppose 
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ihc Ixnly of ihe Te«el to be divided, at the vertical trans- 
verse section passing through the centre of gravity of the 
di^laccment, into two, the fore and afler bodies; then, tf tliu 
depths of the centre* of gravity of die displacenwnts of the 
two parts of the vessel below the assumed water-line he 
determined, a line joining these centres of gravity will ne- 
cessarily be nearly parallel to the seat which the vessel will 
assume in the water. 

Tables have been formed by Mr Cradock, a member of 
the laic School of Naval Architecture, for facilitating the 
stowage of the balla.4t in ships, in order that they may sail at 
a determinate trim. These table*, being detluc^ from vari- 
ous ships in her majesty’s service, afford approximations for 
similar vessels t but vi hen tlierc is a dissimilarity in size and 
form, we quote from Uic preliminar)' remarks to the tables, 
** in order to place tlie ballast in such a position, that when 
all the weiglila are on board no alteration in it sliall be ne- 
cessary. The difference between the light draught of water, 
and that to which it may be proposed to bring the ship 
when fully equipped, being known, the centre of gravity of 
this part of the displacement may be found. And if through 
this point a transverse vertical plane be supposed to pass, 
Uie ballast must be so placed tliat its moment from it, to- 
gether with the momenta from the ivsme plane of all the 
other weights put on board, may be I'qiiat to nothing.” I’he 
length of these calculations U a convincing proof of the 
value of such approximating table*. 

It is almost an universal custom in all vessels to give a 
greater draught of water abafl tluui lurward. Occnsiunal 
attempts have been made to discontinue this practice, as in- 
volving a sup{K)6ed unnecessary increase in the water re- 

S iuired for Hosting a ship ; but the increased draught of water 
or the aiU'f-body has been reverted to as essentially requi- 
site in practice. 

Tl»erc are several minor advantage* wliich result from 
this arrangement ; such as tlie more easy and unchecked 
flow of the water to the rudder, and iU consequent increased 
effect in governing the nations of the shin ; also the di- 
minution of the negative resistance which tiie vessel would 
otherwise experience from the greater difficulty n ilh w Inch 
the flow of water would fill the vacuity caused by tire pas- 
sage of the vessel, if the fulness of tlie affer-hmly were such 
as would be required to preserve an even draught of water; 
and again, the adjustment of the resultant of tlie resistance 
of tlic water to that ^msition of the masts which ex|>erience 
ha.s determined to be requisite for the facility of manmuvring 
tlie sails. But the principal reason for the inequality in the 
draught of water a]i]}oars to be the advaiitage which results 
from it to the more easy regulation of llic motions of the 
vessel by aji adjustment of the resultant of tlie resistance of 
the water on the lee side w hen un a wind. 

This will be more apparent in a future |X>rtion of this ar- 
ticle, in which we shall consider the forces which act on a 
ship when in motion. Tlie idea intended to be conveyed 
is, that the flatne&s of the afler-body along the deadwood 
may be considered as a reserve of lateral resistance, to be 
brought into operation whenever the pressure of the water 
on the lec'bow would otherwise draw the resultant of the 
water too far forward. 

The dimension* of the merchant-shipping of England 
have been so shackled by the operation of the tonnage law s, 
tliat it is in vain to expect to find in their proportions any ap- 
iwoxiraation even to those which experience has proved are 
most advantageous f ir safety and for velodty. We take 
the following table from Hedderwick’s Treatise on Marine 
Architecture, which being the most modem work on the 
mercantile navy, wc presume contains details of tlie most 
modem practice. 

Sloop Margaret, 60 tons, breadth to length os 34-’8 to 100. 
" Smack Regent, 14:i tons, breadth to length as S4*2 to 100. 
** Smack Matchless, 170 tons, breadth to length as S3'4 to 100. 



may be considered proportional : it is 



in which B 



** Smack Royal Sovereign, 204 tons, breadth to length as 32*0 Theory, 
to loo. 

Schooner Charlotte, 101 tons, breadth to length as 31*5 
to 100. 

** Schooner Glasgow, 155 tons, breadth to length as 31*0 
to 100. 

** Brig Down Castle, 149 tons, breadth to length as 30*0 to 100. 

** Brig William Young, 303 tons, breadth to length as 28*6 
to 100. 

** Ship Mary, 368 tons, breadth to length as 2/*9 to 100. 

** Ship Albion, 505 tons, breadth to length as 25*10 to lOO. 

“ The average depth of the sloops and smacks is about 
five ninths of Uieir breadth ; schooners and brigs, from se- 
ven twelfUis to tlirce fourths ; and large brig* and ships, 
from three fourths to two thirds.” 

This immense proportionate depth is tlic natural result 
of the old rule for emeuLating the tonnage : according to 
which tonnage the worth of the ship was estimated, and all 
the due* ana duties levied. The rule involved only the di- 
mensions of length and breadth, and consequently left the 
depth to be increased without limit, or rath^ wjth no other 
limit than tlie depth of the harbour* the vessel was destined 
to trade to. Now, Chapman, in the Archiffctura NaeaUs 
MtTcat frm, gives an exprc»ion to which he says the velocity 

m ‘ 

represents tlic brca<llli, L the length, otid D the depth tu 
Uic bilge ; from whicli expression it is evident the depth 
is the dimension tlie most detrimental to the vi lucity. \’alu- 
able tabU‘« of some of the elements of design of the preseot 
classes of mercli.'int-slupH liave been published by Mr Par- 
sons, tbmierty of the School of Naval .Architecture, under 
the title ot Scales of Displaccuk.-nt*. 

Jnvesfitfatitm cf the Porrrt ithich ad on a Ship trAen in 
MuOor^ aa they iujiaence her i'urm and Qualities. 

W'e have now devcribeil the methods by which tlic 
ral calculations Ibr determining the elements of tlie design *^‘*** 
for a ship may be performed ; ami have also pointed out, in 
general terms, the dejicndenee of the several principal di- 
mensions iifHm each other, and their n*spective influence 
on the qualities of a vessel. Wc shall proceed U) oH'er 
some more particular remarks on the force* of the wind on 
the soils and of the w ater on the hull when the sliip is in 
motion, and investigate some of the principal phenomena 
of their action ; as it is only by a consideration of the in- 
fluence of these forces on the motions of the vessel th.it 
the naval architect can fiwm a correct idea of the esiH'nti.d 
requisites tor the design of a ship’s body, or the position or 
proptirtion of the masts, the area ut' the soils, and Uie ]>um- 
Uon of tiieir centre of effort. The investigations into which Questinm 
we shall enter in this ]K)rtion of the subject may perhafis beinierestiiiu 
found in some cases equally useful to die sailor as to ihealike to die 
naval architect, os he will trace in them the mean* for •"’I 

vcloping die lowers of die vessel he may command, or 
obviating by the appriiprlate remedy any error inherent to 
her design or equipment. 

The motion of pitching is generally the most violent ac- piirhini; 
tion to which a slop ts subjected, and the most injurious srHL’s.wn- 
both to the L'lmnc'clion between the parts of her structure, •Ihif* 
and die velocity of her sailing. It is the longitudinal mo- 
tion, caused by the variable support afforded to the body 
by the waves as die vesM'l passe* over them when on 
a wind, and by the constant action of the gravity of the 
un*u|>|)orte4l part of die bwly to recover the stale of eipii- 
librium which, before the cNinimcnceinent of the motion, 
liod existed between it and the biinyancy of the fluid. 

The motion will continue as lung as tlic course of die ves- 
sel rcraaiiu the same in relation tu the set of the seas, and 
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'I'heorT. aa long M the inccinAlity of the fiudocc of the watiT con* 
tiuueii ; but when the direction of the wind on the vessel 
becomes such that s)ie no longer mceU and }>as8C8 over 
the seas, «o that it may be said to act in conjunction with 
gravity, in ofTering a constant o|)])osition to tftc vessel's 
oscillatiotis. 0)c muliun will cease. Fur llicse t*auses, the 
pitching motion can only exist to any great extent when a 
vessel is on a wind : then, iu force will depend on the de> 
gree of int'quality of the surface of the w ater, on the quick* 
ness or slownc*ss of the succession of the waves, on the di« 
rection in which they strike the bow of tJic ves«u.'l, and on 
the sliape of the bow, aa this greatly influences Uic degree 
of violence with which it meets Uie water, and the resistance 
it opposes to submersion. 

may be di- The least injurious action of pitching occurs when the 

niaiabi-d. »tate of the sea is such tliat the motion of the ship may be 
supposed to take place round a line passing tJirough its centre 
of gravity as a fixed axis of rotation ; for then the motion 
may be compared to the oscillations of a pendulum, and iU 
extent may, in a great degree, lie repdaletl by either increas* 
ing or diinipishing tlie length of tlie isochronal pendulum, 
accewding as the state of the sea appears to re<]uire Uie twc*U- 
lations to be made in longer or shorUT periods. These eflVeta 
may be severally produced, by removing weights further from, 
or by i^proaching them nearer to, tlie axis of rotation ; tliut 
is, by increasing or diminishing tlie nMoicnls of inertia of the 
fore and after parts of the body round its axis of rotation. 

Dut it is, as lias before been said, only in some states of 
the sea that the pitching motion in a vea^d can be compared 
to the oscillations of a body round a fixed axis of rotation 
passing through its ci^ntre of gravity, and where the mo* 
ments of inertia of both the fore and ailer bodies op|>usc 
the motion t for, under many of the circumstances of heavy 
seas, though, at tltc commencement of the motion, tlie axis 
of rotation may pass through the centre ot‘ gravity of the 
ship, it will pass abaft it as tlie wave passes aft. In this 
case, then, the morrient of inertia of the body before the 
axis ot* rotation, which, when this axis passed through the 
centre of gravity, was equal to the sum of the particles in 
llial laxly multiplied by the squares of their distances from 
the axis of citation, w ill become, at any instant afterwards, 
when the axis of rotation shall have paiised abaft the centre of 
gravity, increased, by the diflerence between thU quantity 
and the sum of the products of the particles in the then fore* 
body, multiplied by tlie squares of their distances from the 
new axis of rotation ; consequently the moment of inertia of 
the tbre*body will be constantly increasing until the end of 
the motion, w hile the moment of inertia of the part abaft 
tlie axis of rotation will be constantly dimtnisliing, under 
tlx* same limits ; that is, the force wliich has an injurious 
effect on the violence of the pitching. increases, while that 
which diminishes its violence decreases. As the direction 
of (he motion of the waves is opposed to tiiat of the vessel, 
(he momentum with which tlie bow of the sliip w ill meet 



tlie sea at tlie expiration of the rrvotion, is equal to the sum Theory, 
of the momenta of the bow and the sea { and this impulse 
is often so great in practice, as to be sufficient completely 
to check, fur several second-s the motion of the vessel in 
her couiac. Frequent recurrences of these sliocks must, F.rili re* 
therefore, not only be extremely injurious to the strength 
of the fabric of the ship, but must materially affect her 
gross through the water, and may even, in some situations, in- ‘ 
voive her safety, fn>m the increased liability of shipping sea^, 
especially in dei-p-w aisted vessels; and sJbo, unless a ship 
can exmtend witli advantage against a head sea, her chance 
of escaping the danger of a lec shore must be considerably 
diminished, as in such a situation her safety would in a great 
nie.isure depend on the possession of tiust property.* 

From these considerations, it is evident tJuit every alter- 
aiion which can be made to diminish the extreme “ 

of this motion, when it Lakes place under the circiimstana's 
which have been ch'scribrd, eitlicr by lessening the mo- 
ment of inertia of the fore-part of the ship, or by giving 
that i>arl the form which will the most conduce to render 
its im{*act with the water mure gradual, must be advanta- 
geous witli respect to the velocity, to the preservation of 
the strength of the ship, and even to the increasing Uie 
safety of the crew, but siiu'e tlie bow of a ship is subject- 
ed to sliocks of such a violent nature, it roust necessarily 
coiisUt of a vast combinatiun of materials to insure on adi - 
qiutc degree of strengtli to resist them : great care, how - 
ever, should be taken that there be not more weight tluin 
this renders absolutely necessary. These con8lderatior.> A limii to 
point out at once one limit to die |x»ition of the masts ; fm I"'*; 
it is evidently desirable that the w eight of the fwe-mast and J^*^*^* 
die prcsiuirc of the head-sails should act with aa little inju- 
rious effect in increasing the violence of the pitching, aa 
is consistent with die necessity for head-sail ; this will be 
better understood as we proceed with our investigation of 
die v.irinus forces which act on a ship when in motion. 

When the shin is under sail, there are two forct^ acting RMuItanu 
on it ; the one, the force of the wind on the sails, to pnipel of tbn.v». 
the sliip ; and the other, the resisunce the water opposes to 
her motion. These forces, immediately the ship has acquired 
the velocity due to the strength of the wind, are equal, and, 
as is the case with all forces, may each be reasoned on as if 
acting on onlv one point of the surface over which its effect Cemre< of 
is diffused. This point is that in which, if the whole force 
were to be concentrated, its effect would be the same as 
when dispersed over die whole area : it is usual to call these, 

** resultants of forces,** and the points on which they are 
supposed to act, “ centres of effort." 

ir rum wlul has been before &u:d, the resultant of the force Action «f 
of the wind on tlie sails, and die resultant of the force uf*dniIuntJ.« 
the water on the hull, are equal; the one acting on the ***^*' *"*^ 
wealfier side of the sliiji, in the direction into which 
force of the wind resolves itself, and tlic other opixwed to 
it, acting on the lee side, in the direction into which the 



' Mr Henwuud, ■ mruibcr pf the Uta School uf Naval Arrhilecture, lui advaucvtl sume new view* oo the subject of the pitching and 
’wending motions in shipa, vbu h wc think of sufficient importance to emUaronr to explain. They are as fuTlow, — that thr«- {imgi- 
tudinal motions of a ship de]icnd both on the form of the iiiimerwtl part uf the body, and on the potitionik of the various weights 
which cnmpcNie the lading or equipment ; and the form uf a ship, and llie ]>usltlon« uf live weights, determine the situation of the 
centre of gravity through which the axis of the pitching and ’scentling motions pasws. U is the position of this point or axis which, 
Mr Henwood has staled and en<kavmjre<l to show, might and ought to Le so lieteraiiaed in all shi|», that live pildiing and ’scemling 
tuulions would he diniiniahcd to the luwi-st possthle degree. 

In order to c<n>8truct a ship nn this principle, the fore-part of the sliip. vie. that befure the centre of gravity, would he ftmiird in 
the usual manner s hut the aftcr-|>art would be conslruited »u os to have |>recbH.-)y the same rubtc cmtU’ijl as tbc fore.hody, and its 
centre of gravity at the some distance from the renlre of gravity ol the ship a* that of the fotT-ho*ly. 

in the stowage of a >hip thus < nnstructed, the weights must be so dispi«ed that one half uf the total weight of the ^:p ami her 
equipment maj be on each side of the vertical and transverse plane, tbrnugb the centre of gravity. 

The object intended U> be guincsl by the fulfilment of the above corulitiims i», that a ship idmuld perform her lon^ludinal or piirK- 
ing motions exactly as she docs her laleraJ or rolling motions ; and that as there is the same U-nJency to roll eilber side equuliy 
dcrep. so there rbould bc a like tend* ncy of the fore and after ends to pitib and 'icend. The |>iuhing ami ’srending motiims 
Mr lIcnwotH] considers, thus bc rtslucml to a minimum, and the velocity of viiling rcianled in the least possible degree. 

This proposed desideratum in the construction of ships is irrespective of the form of the midship section, or of the watrr-Iinea, Ac. 
It ioflotply the coDstruciing tf one end nf a ship u]xm (he basts of the other end, so os to insure the attainment of the object in view,— 
the least possible degree ofpitrhing and 'scending. 
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Th«>rT. force of the water resolves itself ; and their effect is neces- 
sarily in proportion to thetr tiistance from the centre of gra- 
vity. If they are e<]uaHy disunt, they will destroy each 
otlier« and the ship will remain at rest with res|)cct to tlie 
line of its coorse; if the resultant of the resistance of tlic 
water pa-sses before the ri-sultant of the wind, the ship will 
turn to the wind ; but if the resultant of the wind passes 
before that of the water, the effect will be the contrary, 
and the ship will fall off from the wind. In either case it 
will be Ttecesaary to equalize the forces by tite action of the 
water on the rudder, on it» lee side, to bring the resultant of 
the water more at^ and on its weather side to destroy a 
[»art of the effect of the wind. This is the principle of the 
action of the wind on the sails and of that of the water on 
the hull, with respect to the course of the ship through the 
water j and it is on these cemsiderations only that the va- 
rious alterations can be repilated, which it may from time 
to time be necesaary to make in the trim either of the sails 
or of the ship *» and hence the accurate determination of 
the positions and directions of these two forces is a point 
of great importance in naval architecture. The (>osition of 
the centre ot' effurt of tlie wind on the sails may be found 
under certain reserrations ; and tliat being known, enough 
is determined to lead to correct conclusions on the other 
circumstances attendant on the subject. 

Centre of In order to find the distai>t“e of the centre of effort of the 
effort of M ind on the sails before the centre of gravity of the ship, the 
moment of each sdl is calculated by multiplying its area by 
emviiy of ^®*^*o****^ distance ofits centre of gravity from that of the 

»hip, ^ sJiip; (he sum of the negative moments, or those abaft the 
centre of gravity of the ship, is then subtracted from the sum 
of the positive moments, or those before the centre of gravity 
of the ship ; the remainder is then divided by the total area 
of the sails, and (he result gives the required distance of the 
centre of effort of the winil on the sails before the centre of 
deter- gravity of the shin. The situation of this point witit respect 
mine* pos}. length of the vessel must determine in a considerable 
degree the poaitions of the masU ; for experience has prov^ 
that it is among the most essentially requisite good qualities 
of a ship, that die shall carry a weather helm. 

KiTc^t of It does not at first appear evident why the rudder should 
TutWer. have more effect on the ship when it meets the water on 
one side of the middle line, than it has when put to an 
equal angle on the otlier side ; the reason has, however, 
been partially explained by several writers on naval archi- 
tecture, from the consideration of the direction of the mo- 
ncasoning tion of a ship through the water. Among these Don Juan 
ot t>(m moit explicit. The reasoning he pursues is as 

follows; That as a great portion of (he force of the wind, in 
all oblique coursea, tends to drive the ship bodily to lee- 
ward, and as this effect cannot by any means be wholly 
destroyed, the true course of the ship is not in the direction 
of its owrn middle line, but in that of a line passing from Uic 
lee bow to the weather quarter, parallel to the ship’s wake ; 
and he supposes that the fluid meets the rudder in the di- 
rection of tnis line of lee-way, both on the lee and weather 
side of the ship ; and that tlicrefore, when Uic helm is a- 
wcather, the angle of' incidence of the fluid on the rudder 
is equal to the sum of the angle of lee-way, and the an- 
gle made by the direction of the rudder with the middle 
line of Uie ship ; while, when the helm is a-lee, tlie angle of 
incidence is only equal to the difference between these two 
angles, and that therefore, when they are equal to each other, 
this difference vanishes, and all action of the water on the 
rudder ceases ; and this, under Don Juan’s suppositions, 
would occur when the rudder was in the direction of the 
line of lee-way. And hence^ as the most advantageous ge- 
neral position for the rudder is that in which, by offering 
no obstacle to the passage of the water, it offers no resist- 
ance to the velocity of the ship, and yet may by tlie least 
variation from this inactive position be brought to act effec- 



tively, it foIlow"s, either that Don Juan’s reasoning is in- Theott. 
correct, or that the most advantageous general position 
the helm should be a*lec. Hut experience proves, that * 
with the helm a-lee, the rudder would not have the effect 
on the ship which Iws been described ; therefore, although 
Don Juan’s reasoning shows the main principle of the greater tice. 
effect of the rudder when it is to leeward of the middle line 
of the sliip, than when it is inclined at an equal angle to 
windward of the middle line of the ship, it U insufficient to 
account for the fact, that the general position of the helm Error in 
should be a-weathcr ; indeed his reasoning, on the contrary, die preli • 
proves that it should be a-lee; which error arises from 
incorrectness of the aauimption which he makes, that the"^™^ 
fluid meets the rudder on the weather side of the ship, in 
the direction of the line of lee- way. Now when a ship is on 
a w'ind, her course, we have said, is along a line passing from 
the lec bow to the weather quarter, which line is also that of 
the direction in which the snip impinges ii|ion the particles 
of water. Each particle of* water, after its impact with iheCoirwlion 
lee bow, will be reflected from it in a direction w hich, accord- 
ing to tlie law of the collision of bodies, will fonn an angle **^”**^‘ 
with the bow, and consequently with a tangent to the Imjw 
at the point of im|uict, and would therefore, if produced 
to cut the middle line of (he ship, form a greater angle with 
tf.at line tlian would be formed by this tangent to the bow 
at the point of impact, produced to cut the same line. 

This will be the case witli tiic whole of the particles of 
water which come in contact with the lee bow, and along 
all that port of tlie lee side of the ship, a tangent to which, 
if produced, would meet the line of the ^ip’s course at any 
finite distance liefore her bows ; so that as a ship progresses 
along the line of her course, since these motions may all be 
supposed to become constant, her lee side w'iil pass through 
water having an absolute motion with respect to tl»e motion 
of the ship, the direction of which f<Mviis an acute angle 
with the middle line of the ship produced aft. 

We w ill now consider the encct of the accumulation of 
the water at the bows of the ship, either to diminish or to 
increase tliis angle. Since tliere must be a constant ten- 
dency in the particles of water which compose this accu- 
mulation to recover their level, there must also be a con- 
stant run of particles from the ^kx of this accumulation to 
its base; the ultimate direction of the sum of all these mo- 
tions would therefore evidently form an acute angle witli 
the middle line of the ship produced forward ; and conse- 
quently, by the composition of forces, the action of the par- 
ticles of water to recover their level would increoK' the 
angle which the direction of the motion of the water makes 
with the middle line of the ship produced oft. 

By extending the same reasoning to the motion of the 
water on the weather sklc of tlie sliip, a very little consi- 
deration will show that the princi]>al effect the pos.-age of 
the ship through the water would have on the particles of 
water on that side, wouhl be to cause them to rush aft in a 
direction inclined towards the middle line of the ship, in 
order to fill the vacuum creuted under the weallier quarter 
by (he {Missage of the ves'.c) along tin.' line of lee- way. 

We may therefore assume tliat the particles of water 
liavc a motion at the stem of the vessel, the direction of 
which forms an acute angle with the middle line of the 
ship pnaliiced aft, which angle will evidently be dependent 
on the fulness or the fineness of the after -part of the body, 
and on the angle which the line of the ship’s course, or 
that of the lee-way, mokes with the middle line of tlie ship, 
consequently the inactive position of the rudder will 
when it forms this angle with the middle line of tlic ship, 
that is, when the rudder is to leeward, and consequently tlie 
helm a-weather. And tliis position should be the tlieoretic 
limit of the degree of weather helm a ship should carry, at 
in any other position there must be a force acting on the 
rudder, which must mcrease the resistance the ship expe- 



SHIP-BUILDING. 



.*59 



Tilery. 



AV either 
Vwlin. 



Ship* trith 
Irr Whu 
leewmrdJy. 

EfftfCi mis- 
taken tor 



Diurd\an- 
iNfc.x ol l«e 
lieiia. 



FlTect of 
Mil on 
beioi. 



rienre« in her pasMge tlirough tlie water. A practical 
confirmation of the currectneM of thia principle, and of 
the fact that thia generally advantageous porition of the 
rudder is a-lee of the middle line of the ship, may be drawn 
from the common observation, that when a 5ihip ia in good 
trim, the helm, being a*«reather, has a very perceptible 
tremulous motion, which must arise from the rudder’s being 
in a poution in which it is not acted upon on either side 
by any constant force. This method ^ considering the 
direction of the flow of the water to the rudder consider- 
ably diminishes the estimate of the excess of its effect on 
the lee side of the rudder over that on the weather. But 
there are several other considerations wliich operate in in- 
creasing the effect of the weather-helm. From the direc- 
tion in whicli tile water flows past llic ship> there will be a 
much greater reduction of ywessurc on the weather side of 
t)ie rudder when the helm is to windward, and therefore a 
greater positive pressure on its lee side to turn the ^ip, 
ilian will occur under the o|}posite circumstances, or when 
the helm is a-lce. Also, tlic broken and disturbed state of 
the water on the after-part of the weather side of the sliip* 
and the conse<)uent various degrees of resistance it opposes, 
roust lessen its effect when the helm is a-lee. 

It has been said to be proved by practice, that ships 
which cany Icc-helms cannot be wcatherly, tliat is, will fall 
faster to leeward than those which carry weather helms. 
But though the fact is correct, the reason assigned is in 
some degree mistaking the effect for the cause- It has be- 
fore been said that a part of the force of the wind acts in 
driving a sliip bodily to leew ard ; of course its effect will be 
greater or less in proportion to the lateral resistance oppos- 
ed to it, and the ship w hich opposes less lateral and greater 
longitudinal resistance to the water than another, will in 
the same period of time liave fallen farthest to leeward, and 
the line of her course will have made a larger angle witJi 
her middle line, by which the effect of the water on the 
aAcr-part of the lee side is increased, while Uiat on the 
fore-part, botli of the lee and wcalher sides. U diminished, 
and the helm must consequently lie kept less a-weather. 
.\ practical proof of the correctness of Una reasoning may 
be drawn from tJie practice of the merchant-vessels, which 
are generally, from form, more leewurdly than mcn-of-war. 
They have their furc-niast placed much nearer the centre of 
the ship than is usual in snarper and finer formed bodies. 
This haj> evidently arisen from the operation of the cause 
above mentioned, which has shown that they require the 
resultant of the effort of the wind on the sails to be nro- 

E 'nnately farther uA to insure their carrying a weatner- 
. From this reasoning it is evident that, under some 
circumstances, it may be the leewardliness of the sliip which 
causes her to carry a lec-lielin ; and that when such is tiie 
cose, the defect might be remedied, not only by the usual 
methods of placing the masts fartlier all, and altering the 
draught of water, but by increasing the lateral resistance by 
Uie addition of false keel, or by greater depth in the water. 

There is anotlicr disadvantage arising from a ship’s car- 
rying a lee-lieiro, winch is, that the action of the water on the 
weailicr side of the rudder acts in conjunction with the force 
of the wind in forcing the sliip bodily to leeward ; wlule, on 
the contrary, when the helm is a-weatlier, tlie action of the 
water on llie rudder is in oppO!«ition to the force of the wind. 

Having now |Kunted out wherein the necessity consists, 
tluU a ship should carry a weather helm under all circum- 
stances, and explained the principles by which tlie poaiiion 
of the helm is governed, it next remains to consider in 
what manner Uiis position of Uie mdder may he affected 
when the ship is under sail. This is the more necessary, be- 
cause there are occasions in which ships thut generally 
carry good helms will carrv them a-lee; It tliercfore abo 
remains to be examined whether this defect might not 
eiilicr be wtiolly removed, or at least ameliorated. 



The ardency of a ship, whicli is her tendency to fly to the Theorv, 
wind, depends, as has been explained, on the relative po«i- " 

tions of the resultant of tlie effort of the wind on the sails, and Ardeocs . 
tlie resultant of the resistance of the water on the hull. A 
consideration of ihe effects produced on these forces, when 
a ship is under way, will leatl to the object of our inquiry. 

\N hen a body passt-s through a fluid, it causes an accu- A*i8ijre of 
mulalion of the fluid to take place towards its foremost t*x-* 
tremity, and a depression of the fluid towards the opposite. 

The degree of this accumulation and depression will depend 
on the velocity with which the body passes through the°" “™*‘*‘>* 
fluid, and its increase must necessarily have a great effect 
in drawing the position of the resultant of the water farther 
forward ; thercibre, from tliis cause, a ship becomes more 
ardent as her velocity is increased- Also, as the ship on a 
wind inclines by the force which communicates motion to 
her, an increas^ surface of the bow is immersed ; w hile, 
from tlie fulness of its shape botJi above and below* the ori- 
ginal water-line, tlie angle of incidence with which it meets 
the water does not undergo much alteration : consequently 
the tendency of the inclination is to draw the resultant of 
the water forw'ard, in so far as the sliajic of the bow is in- 
volved. By the inclination, Uie effect of the water on the 
aflcr upper portion of the lee ride is so diminished as to be 
almost destroyed, in consequence of the decrease of the 
angle of incidence with which it meets the water, ariring 
from Uie sharpness of the aAer-body under the lee quarter, 
which, by the inclination, is made to approximate to a ho- 
rizontal plane: consequently the tendency of the iriclina- Fflertofln- 
lion is to draw the resultant of the water forward, in so larcfL-ase ofin- 
as the shape of this part of the body is involved. That 
lower portion of the oAer-body which is nearly vertical 
wtien Uie ship is upright, and, until the vessel is on a wind, 
is subjL*cted to little more than the mcTe iriction of the wa- 
ter, immediately that a ship is on a wind offers great late- 
ral resistance, even afWr the inclination of the ship ; and it 
is Uiis lateral resistance of the aAer-body which, being 
brought into action simultaneously with the increased di- 
rect rcristancc of the fore-body, tends to prevent too great 
an effect from that direct reristance in drawing Uie result- 
ant of the water forward, and therefore acts in aid of the 
helm in preventing the ship from flying up into Uie wind, 
and thus obviates the nceeasity of such violent action of 
the rudder as would be injurious to the velocity of the ship. 

The larger the area of this portion of the alier-body, the 
less necessity therefore is there for extreme and conse- 
quently detrimental action of the rudder under the circum- 
stances of increased wind and inclination. It appears, liow - 
ever, that in sliipa generally, the inclination increases the 
ardency, by drawing Uic resultant of Uic water forward. 

This train of reasoning shows us in w hat the advantage of inrrest- 
consUts which arises from the increased immersion given inuaer- 
to the afler-extremitiea of ships; and it enables ua to 
the following general rule, as an approximation to correct- ** 

ness of principle in determining tlie Lncreasc*d draught of 
water to be given to the after-body. The difference in 
draught of' water should increase or diminish in proportion 
aa the area which a ship offers to direct resistance is great 
or small in relation to the area offered to lateral resistance ; 
or, in general terms, Uie difference of draught of water in 
siiips, cateris paribus, riiould vary directly as Uic ratio which 
Uie breadth bears to the lengUi. 

'ITju position of the centre of effort of the wind on the Sail* «»• 
sails is calculated under the supposition that the sails are >uu;rt:«l to be 
plane surfac^ and equally disposed with reguM to the 
gitudinal axis rd* the ship ; but wlien a ship is on a wind, 
as the force of tlie wind acts in a direction oblique to the 
siiifice of the sails, a greater proportion of the sail is carried 
to leeward of this axis, and the whole sail assumes a curved 
surface, the airvaturc of which increases from the weathtr 
to Uie lee side. From Uicse circnimstancca, the centre of 
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'rbeorr. effort i» in fact carried gradually farllicr aft as the action of 
the w ind lakes place on the sailK. Also, as the force of the 
fbeir^* wind Inclines the ship, the centre of effort of the wind on 
mture. '* carried, by this inclination, ovtT to the Ice side, 

by which, as also hy live effect producctl on the resultant 
of the wraier, which has been before mentioned, the distance 
Of iwrptJH! between them is firthcr increased. It therefore ap^iears 
u wjjkI. j|i{. (juiintitv and disposition of the sail set remaining 

the same, the ardency will increase as the force of the wind 
increases, and diminish as that force diminishes; but as it 
is (()und in }»racticc that ships very generally require their 
helms a-iee in light winds, ^though it is evident that the 
several circumstances which have been mentioned as cre- 
ating the tendency of ardency must still exist in a small 
degree, it would appear lluii the ardency must increase 
ami decrease in a lastcr ratio than the force of the wind. 
Now, as the direct anil lateral resistances var)' respectively 
as the squares of the velocities of tlie ship in these two di- 
ret'tinns, it is evident that the lateral resistance will dimi- 
nidt in a quicker ratio than the direct ri'sistance, and that, 
eonsequetitly, ** the wiml decreases iJie angle of lee-way, 
or that of the ship’s course, will be increaMHl, w hich, it has 
before been proved, will draw the resultant of the water aft, 
and diminish the ardency; therefore the iniTeiue and di- 
minution of the ardency of a ship will he in pro(>ortion to 
the difference of the ratio* of increase and decrease of the 
direct and lateral resisUmces. 

Mrsnu of I'rom iIk? causes which have been aasignerl ft>r a ship’* 
diiiUMishinRj^f^injf a helm in light winds it is evident the defect 
lee Iwlui. hy oil tliosc means of trimming either the 

sails or the ship, which have been mentionecl as tending to 
increase the distance of the resultant of tlie water before 
the centre of effort of the wind. 

la?e hrlid But when a slup’s carrying a lee helm is occasioned, m 
Uepemiuit sometimes is, by the state of the se’o, the waves of w hich, 
^statc ti( ^he sliip on the weather bow, and in their passage 

cause a great immersion of the lee quarter, any attempt to 
bring the resultant of the water forward would, from the 
consequent greater immersion of the bow, and the neces- 
sary addition to the momentum, increase the effect of the 
impulse. The evil may be lessened by dirntni^ing the 
quantity of head-sail, wliich will both bring the centre of 
effort of the wind aft, and diminish the violence of the 
pitching ; and alfus if the inclination of the ship were increas- 
ed, that, by incretwing the effect of the water on the lee 
bow*, and dimtiushing iu effict on the Ice quarter, might 
in some cases prove advantageous. 

tod on tbs In heavy weather, ships under a small quantity of sail 
pusitioii of very generally carry slack helms, partly in consequence of 
tiie uu«u. position of the centre of effort of that sail, and partly 
owing to the state of the sea. Under these circumstances 
it is generally impoasihle to carry enough of after-sail to re- 
medy this defect ; and to trim the ship by the head would 
he onlv to increase it, on account of augmenting the pitch- 
ing. 'i'hcre is Uicrefore no other rein^y than that which 
would arise from such an original disposition of the masts 
a.4 would render the power of creating a balance between 
the effects of the soils more easy. But here wc would oh. 
serve, that before making any alteration in the position of 
the masts, great caution is necessary ; for possibly one of 
the first requisites in a shij) is, that she sliould work quick- 
ly, which quality depends on the iiroportion of sail ^fore 
and abaft the axis of rotation, and not on the position of 
the centre of effort of the wliolc surface of the sail. There- 
fore no alterations can be made in tlic |xifiitii>n of the centre 
of effort of all the sails, or in the poaitions of the masts, un- 
less due consideration be given to the effect they would 
Ivave on tliese proporUons. 

Too (rrrst It may now be necessary to observe, that a ship may, on 
some occasions, be V-c ardent. In addition to the altera- 
tiuiM which w'Ul suggest themselves in this case, from what 



has been already said, it may be observed, that as tlie cur- Theorr. 
vature of the sails, and the inclination of the ship, both tend 
to increase the ardency, it may be diminished by taking in 
sail, esjiecially those which, from their greater breadth, as- 
sume a greater degree of curvature. 

It Is sometime* objected by practical men, that trimming Erronro'o 
a ship according to tlic principles laid down by theory, has^^hjeeiiou^ 
not the effect which was to have been expected ; but Uiis 
often ari»*s from an ignorance of tlie mccs*ary degree of 
trimming, or from a uilstaken notion of the effect w hich a 
certiun degree will produce. In order, in some measure, 
to obviate tills difficulty, the following table is given. It 
contains the weight which it will be necessary to move a 
distance of forty feet, either aft or forward, to produce an 
alteration of one foot in the trim of a ship. The length 
and breadth of the ship are given in the table, merely as 
being more correct data for the comparison of size than the 
class of the vessel or the number of guns. 



] j . t4 roft> Fw«. 



I K«rt. I I Tom. 

First rate 120 2UV23 I A4-50 112 

.Scconitdo «4 I 61-44 1M> ■ 

Fourth do. tio ' I74*n0 43 ({7 \ 68 

Fifth dn.. 4fl li9'70 I 40 60 , 

.<ixth d«» 23 120-20 I SS-C? I 22 

Sloop 18 I lU-25 * 311.V) j 14 



If any other alteration in the trim be desired, it may be 
deduced from the results given in the above tabic, by a 
simple proportion. .‘\nd since tlie effect produced on the 
centre of effort of the sails, by taking in or setting any 
sail, may be estimated in the manner de^tbed in the course 
of these remarks, the alterations necessary to be made in 
order to produce any desired effect may be easily deter- 
mined. .\nolher source of error may arise from the various 
rakes of the masts ; from which the angle of incidence, and 
consequently the force of the wind, which is as some func- 
tion of the sine of the angle of incidence, varies considera- 
bly for the sails of each most ; and if the trim of the ship 
he altere<l, there must be a corres}>onding effect produced 
in this angle; by which the relative proportions of the force 
of tite wind on the several sails will be altered, as will aUo 
its total effect on all the sails. 

Most of the writers on naval architecture have consider- Bradne «i 
ed the problem of determining the angle which should be the yar,ic. 
formed by the yard with the keel, under the different cir- 
cumstances of wind. Don Juan, whose higlily scientific 
and thorough practical knowledge entitles his opinions to 
more than common attention, on a subject in which the re- 
searches of theory require to be aided by the deductions 
from ex|>eriment, ha* determined these angles for a ship of 
sixty guns, and has also given some genem rules to guide 
any variations from them. When this ship was close-hauled, 
with all sail M‘t, he fotmd tlial the angle the yard should 
make with the keel should be 2b* 47^, and with the w ind 
on the quarter, 50* 11'; but when the wind was so high 
that only a small quantity of canvass could be set, these 
angles were respectively increased to 40® 42^ and 56* 21'. 

He also arrives at the general conclusion, ** that, the greater 
the quantitT of sail set, the less should be the angle made 
by the yard w ith the keel ;* and also, as he makes the re- 
lation between the direct and lateral resistances enter into 
his investigations, '* the sliarper and the more adapted for 
velocity a vessel U, the smaller should bo the angle made by 
the ya^ with Uie keel consequently frigates and smaller 
vessels should, under similar circumstances, have their yards 
braced sharper tlian line-of-batUe ships ; and again, “ that 
the nearer the satis a|>proach to plane surfaces, the leas 
should this angle be." 
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llicoTT. According to tlic present positions of the nmu of a ship, 
the sails on the fore-mast are generally not capable of be- 
ing so sharply braced as those on the main*mast j but as 
topmast. practice, as may be instanced in fore-and-aft 

rigged vesscia concur in 6xing the limits to Hhich it aould 
be desirable to brace the yards within even what can gene- 
rally be attained on tbe main-mast, much of the force of 
the w ind on the sails of the fore-mast must be lost ; and os 
this less sharpness of bracing, common for the yards on the 
fore-mast, is even found to be neccsnary in many ships to 
enable Uicm to carry their helm sufficiently a-wcatlier, it 
would appear that the position of the fcM-c-mast is loo far 
forward, and that moving it aft would be advantageous ; be- 
sides the good cfTi'C't it would have, os has been sliown, in 
diminishing the violence of tlic pitching motion. 

The position of the fore-mast appears to have remained 
nearly tlie same as it was determined in the early port of 
the last cenlurj’, allliough manv of the reasons which then 
fixed it at almut one ninth the length of the ship from the 
stein have ceasetl to exist. Our sliips are now longer, and 
there is consc-quently m<im for working the sails, without 
those of one mast coming in contact with, or destroying the 
effect of the w ind on, those of the other. The after-|)art8 
of the hull above water are very considerably reduced, and 
do not therefore render so great a proportion of head-sail 
necessary to counterbalance the effect of tint wind on them. 
The bodies of llie shijM aie, from the increase of tlic dimen- 
sions, much finer abaft, and consequently the resultant of 
the resistance ts farther aft. From these considerations, and 
from the fact tfiat it is found tliat compUinU are nuule of 



ships carrying lee helms, it appears not improbable that the Tbsory. 
generality of our ships would be improved by on olterotioo 
in the position of their fore-masu. 

The forms of our ships, and indeed those of some of the Modem 
more modern French vessels of which we ore possessed, Ei^Iish 
Imvc approximated more to that recommended by Chap- *P* 
man, and since his time adopted by the Swedes and Danes. 
than to that of Uie old French bodies, which were for such^iip Swvd- 
a scries of years the chief guides of the Engiisli sfiip-buildcr. i»h rather 
The marked characteristics of tlic old French body were, than to the 
a flat floor, with a sharp and, beneath the water, hollow French 
forv-part, and a comparatively very full after-part. The^*^”*' 
character of Uie Swedish construction is, the rising floor, 
full fore-body, and extremely fine after-body. The gencra- 
iiiy of the English ships of Uie present day are built with the 
rising floor, and approximating more, towards the extremi- 
ties, to Uie .Swedish than to Uie old French characteristics. 

It seems therefore but reasonable that tlie positions of UieTbcre{ort 
masts of our ships sliould partake of tlie {irindple which the maets 
apfiears to have dictated the alteration in the form of their 
bodies. With this view, and fora genera) example as to 
positions of diips* masts, and of the ideas of various construe- ^ 
tors, the following table has been formed, of the portions 
of the masts of Uic vessels contained in Chapman's large 
work,” of some of the present Swedish sliips, of the various 
classes of English ships, and of several other veoscls which 
have cither some peculiarity in tiiU feature of their construc- 
tion, or are remarkable for an excess of any good or bed qua- 
lity dependent on it. The other data in the table ore neces- 
sary for completing the comparisons which may be mode. 



Tat>le of tht Stationt tf Masts in Ships. 



Ship,' NtniM. 


tiuna. 


l.enflh Ml 
the Load 


DManre* of the Maiti aban the 
IbresuM eaumity of Lfae 
Ltata VVatM'llne. 


Ratio of the DUunee at the Mmu 
O em (ur««nl. to tbe leafUi at 
the Load Water*liae. 


Ratki 01 Dlf- 
fcreflce of 
Oraufht it 
Water lo U«« 


F«ee.«naat. 


Mala-aawL 


Mlaawawft 


FoMsaat- 


Maliatnaat- 


Mlaao-naft. 


of Water. 






Fett. 


FeK. 


FoM. 














no 


2U6 2 


28 8 


1186 


1740 


1398 


•679 


■84R 


•091 




04 


1001 


270 


112-i 


164-1 


•1402 


‘680 


■867 


■086 




80 


1831 


257 


1066 


164-2 


■1402 


•678 


■846 


■089 


Swcdinb ships, from Chapnian’i large 
work.... 


74 

66 


177 9 
174*0 


24*8 

34*3 


102*7 

IOU‘0 


160 0 
146 8 


-1398 

-NfHl 


•676 

-6*8 


■848 

•844 


•083 

*083 


62 


1641 


22 9 


932 


138-4 


■1390 


•569 


•846 


•103 




40 


140*6 


23*3 


86 6 


13S-2 


•1670‘ 


■580 


-840 


■100 




32 


126 3 


196 


72*6 


104-4 


-1660> 


078 


*831 


•093 




30 


1130 


17*6 


66*6 


94 6 


-1640‘ 


■678 


•837 


■I4J 


Carl X1II-, Swedish 


80 


177^ 


24*3 


lO‘i-0 


i48 6 


■1360 


■678 


‘868 


•108 


Corvette, Swedish 

The C*hapman, Swedish 


SO 


108 6 


I.V6 


Cl -7 


90-8 


‘1440 


•670 


■836 


•120 




149 6 


28 0 


69-6 


124*2 


•187* 


•698 


•836 


■OOO* 


President, French 


46 


1696 


34 0 


87 6 


1332 


•160 


-660 


■831 




Do. altered to tlie rirdmimiaise 


46 


169-6 


21-0 


87 6 


132-3 


•133 


■660 


•831 




Comet, bomb........ 


111 


looo 


134 


61*7 


90*6 


*123 


■666 


•RSI 


•ooo» 


Do. as altered....... 




109^ 


174 


«17 


90*6 


*163 


■666 


•831 




Pearl, .MrSaintr.. 


18 


1147 


187 


CIO 


97*4 


163 


•667 


‘860 




Do. altered by bis request......... 


18 


1147 


187 


666 


99-4 


-163 


•677 


•863 




Caledunia. 


120 


20A 25 


260 


113-0 


171 7 


122 


■663 


•836 


•067 


Asia.................. 


84 


192 26 


22 3 


1090 


IC02 


•116 


■668 


•833 


•053 


Southampton 


60 


174-0 


2<I7 


07 2 


1467 


•119 


‘660 


■846 


•048 


Se rings patam.... 


46 


169*7 


21 2 


666 


13*23 


•133 


•636 


•833 


•076 


Leda 


46 


161-0 


18-8 


86-3 


128*7 


•124 


•666 


•864 


■089 


Euryalus 


42 


146^ 


177 


82 2 


123 8 


■124 


‘663 


■848 


■104 


Sapphire 


28 


120-2 


147 


C«-7 


102 4 


■122 


•668 


*860 


•066 


OiTsiea 


18 


m*25 


14 6 


64 7 


97*4 


■129 


■673 


■884 


•060 


Queen 


no 


302 2 


2433 


118-0 


17-'-64 


‘121 


*686 


*870 


•086 


Vanguard 


80 


1883 


26*7 


1109 


1643 


•137 


■584 


•823 




Vernon 


63 


170-; 


27 6 


104-5 


164*7 


■166 


•690 


•874 




Pique 


36 


160-6 


23-5 


94 4 


139-6 


•146 


•687 


•867 


M. 


VMtal 


26 


131*0 


203 


77*3 


1140 


‘166 


'690 


•874 




Rover 


18 


109*8 


16*1 


64-8 


90-2 


■138 


■690 


•«74 




Inconatant 


38 


160-0 


30-0 


90.33 


138-0 


•126 


•664 


‘860 




46ft ions ^ t... 




1150 


166 


G60 


99-3 


•146 


•666 


•861 








1166 


16-8 


66-0 


980 


•144 


-670 


'840 




... 


114*8 


16*2 


67*1 


96-4 


•142 


'664 


•840 




400 loos j (... 


- 


108*6 


169 


662 


»3-7 


*166 


•610 


•860 


... 



slalOfltakMolUMW 
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Thforjr. From thii tabic it wilt b« seen that the position of the 
fore-mast in the shi(»s of tliffcrent rates in her majesty’s scr- 
muu^B ^ considerably more forward than in the Swedish ships; 

nerchont- Chapman’s ex|)erimi'ntal frigate* the Chap- 

ships. man, it is remarkably far afL The Comet, as altered, after 
being sold out of the service, the Pearl, built by Mr Sain> 
ty, and the four merchantmen, are pro»ifs of the practice* 
before alludeii to, of the merchant builders ; the alteration 
in the |N»itioti of the masts of the Comet haring taken 
place under the direction of the late Mr Keamall, a gentle- 
man of high cfiaracter for a knowledge ofhis profession. 

The stations of tlic ma»ts in the ships built aAer the de- 
signs of the present surveyor of the navy, Sir Williain Sy- 
moiula, apjiToximate very nearly to tho«e of the Swetiish 
shi|)8 ; the main and mizen masts are even rather farther uA 
in pro|>ortion to the length of the ship. 

Comet The }>ositions of the masts are given, in the table, in re- 
point from lation to the foreside of the rabbet of the stem ; but though 
point has been adopted in compliance wilh the usually 
of custom, and to avoid the intro<1uction of a fi-ature 

Uic muu trhid) might have rendered comparisons more difficult, a 
more correct method would be to estimate the station of 
tfie masts from a point K (hg, ^), at a distance AK from 
the forcmr>»i extremi- 
ty of the load water- 
line; such tfiat, KP 
being drawn perpen- 
dicular to the load wa- 
ter-line, it shall inter- 
sect A D, the foremost 
boundary of tlie lon- 
gitudinal vertical sec- 
tion of the vessel, in 
such a manner that the 
resistance to angular 
motion round an axis of rotation RC, passing through tfie 
centre of gravity of the vessel, shall be equal to the tri- 
angles AKF and DFP, DP being the lower boundary of 
the false kc*e) produced. 

The point K being determined for all ships, comparisons 
might be correctly made of the positions of tlie ma<iU in 
vessels with the most dissimilar rues of the stem ; which 
feature, from its e(fix:t oti the resultant of the resistance, 
must have a considerable influence on tbe positions of the 
masts, and which cannot be estimated in distances measur- 
ed from any other point. 

The following proof will show, that if BK 1 m> taken equal 
to the arithmetical mean between B.\ and CD, tlie point 
K will be determined sufficienlly correctly for all practical 
purooaes. 

From D (fig 5) draw DV perpendicular to AB. Bi- 
sect KF ami FP in G and M. anti draw AC» and DM. 
Take AH = f AG, and DN = §DM ; then H and N will 
be the respective centres of gravity of the triangles AKF 
and DPF. From H ami N draw HL and NO perpendi- 
cular to BA and CP. Let .AB =: a, CD s: A, AV = rt — 6 
= e, AK s r, AI< = |x, and VU = A. Then the resist- 
ance to rotation of the triangle AKF is proportional to the 

urn AKF X BL = ■ BL, 

No*. AK : KF : : AV : VD KF = — 

c 



Fig. 5. 




the 



At* / 2jt\ 

resistance s: — • < a 1 

2c \ S / 



And in the same manner, iIk; resistance of DFP is 

TVfD f'f\ DPxPF 

= area DFP • CO ^ • CO, 



PK:DP::DV: AV.-.PF=: 



A *c- 



Hence the resistance : 



A c — aP f, , 2 \ 

= ~— + 



and these 



Th«K f. 



rciusLances must be equal to each other, 



and i = a — o' — ^bc + ^ , 



from which expression, if numbers be substituted for the 
several quantities, it would be seen that, assuming BK ccpiai 
to the arithmetic mean between AB and CD, will be suf- 
ficiently correct, 

Tlie metliod of finding tbe horizontal distance of tlie B«wpUo!*- 
centre of’ efibrt of the sails, either before or abaA the centre 
of gravity of the ship, has now been explained as being a 
necessary dement to be determined in furmiiig the design 
of a vesM'i. The effect which the action of the water on 
Uie hull, and of the wind on the sails, would have, undt.r 
various circumstances, on the relative })OKitions of this point 
with res|iect to the centre of gravity of the ship, has been 
described, and also tbe necessity of regulating the trim of 
the ship and sails otx’ordiitg to the state of the sea and w ind, 
that the most ativantageous proportionate distance may be 
preserved belween them. 

We slialt now investigate thd principles on which the dc- IlrigSt at 
termination of the vertical height of the centre of effort 
tlie sails above the centre of gravity of the ship de|>ends. 

This problem, though it is one which may be classed among 
tlmse of which tbe solution resolves itself to laws of na- 
ture wrhich arc yet impcrteclly developed," nwy be solved 
by induction from experiment ; and we shall sliow that suf- 
ficient data may by this means be obtained, to render the 
abstract principles of science, on which it depends, practi- 
cally available, so as to overcome the difficulties which at 
present cq>posc themselves to the perfecting one of the most 
important elements of naval architecture, the sizes and pro- 
portions of the masts and yards. 

In describing Lite circumstances attendant on the incU- Moment le 
nation of a ship from the upright |K>silion, we have said Uiaf^/t indi- 
ihe moment of the force exerted by the vertical pressure to“***“®* 
resist the inclination will be measured by the per|>endicu)ar 
disunce from the centre of gravity to the direction of tlie 
resultant of the vertical upward pressure of the water aAer 
the inclination, which necessarily ]>asses through the centre 
of gravity of the displacement. We have hitherto called llydm«taij- 
this the moment of stability, but it may be more properly^ ttabiU- 
termed the moment of hydrostatical stability, as being de-^^‘ 
pendent on Uic laws of the equilibrium of fluids. But if the 
ibrcc which has been described as inclining the olup roimd 
its centre of gravity also communicates motion to the sys- 
tem, anotlier moment of stability will be generated by the 
resistance w‘hich tlie water o^iposes to the motion. This 
resistance, as has been before explained, may be supposed 
to act in a resultant, the direction of which will necessarily 
depend on the form of the vessel. Now, if the form be 
such that the direction of this resultant will |xu»s above the 
centre of gravity of the ship, its moment, estimated from 
tluit centre of gravity, will act in conjunction with the mo- 
ment of hydrostatical stability before described, and will 
diminish llie inclination ; a contrary effect will ensue if this 
resultant passes below the (%ntrc of gravity. Now, if the 
moment of this force to diminldi the inclination w ere I'quol 
to the innment of the fewee which acts to produce it, the 
ship would remain in a vertical position ; hut if it be not 
equal to it, the inclination will be causexi by the action of 
the excc« of the luoment of the inclining force over tbe 
moment of the force acting to diminish the inclination, and 
the ship will revolve until this part of tlie inclining force shall 
be destroyed by the moment of hydrostatical stability which 
will be generated by the inclination. The DM>ment of sta- 
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bllity reriltm^ <Tom this cause may he called the moment 
ofhyclrodynAmiral stability, as being dependent on the nto* 
tion of the body in the fluid, that is* on the relative motion 
of the fluid. This docs not agree with the usual definition 
of hydrodynamlcal stability adopted by wTiters on naval ar- 
cliiteeture, as that also involves the elements of the hydro* 
statical stability in its terms; but it is thought that keeping 
each moment of stability distinct, by referring it wholly to 
its own generators, tends tt> simphfv the consideration of 
them ; and also, the explanation of the principles on which 
the height of the centre of effort of the sails depends may 
by the same means be divested of some obscurity. 

Now, when, by the action of the wind on the sails, motion 
is communicaled to a vessel from a slate of rest, at first the 
effort of the wind on the sails is much greater tlian that of 
the water on the hull, and by the effect of the excess the 
velocity of the vessel is accelerated : but the velocitv witli 
which the wind acts on the sails is diminished in proportion 
as the velocity of the vessel is increased, therefore also the 
force with which it acts on them is gradually lessened : but 
as the velocity of the vessel incTeases, the resistance the 
water o]>po«e8 to its motion is aJ^ increased; consequently 
the two forces, the effort of the wind on tlie soils, and tlie 
resistance of the water on the hull, will ultimately become 
equal to each other ; and as they act in opporite directions, 
the vessel vrill, by the laws of motion, continue to move uni* 
formly in the direction of its course with the last acquired 
velocity; and this veUKaty will l>c in profiortiiin to the mov* 
ing force, that is. to the force of the wind and the area of sail 
exposed to its action, or, if the force of the wind he sup* 
posed Ciinstant, will be in proportion to the area of the sail. 

From what has been before said, it is evident that the 
moment of sail must he in pro}>ortion to the stability of the 
ship; and since the velocity will be in protwrtion to die 
area of sail expose<) to the action of the wind, the height of 
the centre of effort of the sail should be determined from 
the consideration of acquiring the greatest effective area of 
sail of which the powers of the ship aill admit. 

Bougucr, from reasoning on the facts which have been 
explained, which are, that when a sliip has acquired an uni* 
form vdocity in any direction, the action of die wind on the 
taibi to propel her in that direction becomes equal to the re* 
sivtance opposed to iicr motion by the water, and that the 
moment of the resistance, calculated from the centre of gra- 
vity or of rotation, that is, the moment of hydrodynamlcal 
stability, subtracted from the moment of the action of the 
wind on the sails, cstimati'd from the same ;>oint, will give 
the force by which the ship is inclined, conceived the idea 
diat the sails of a vessel might be mj disposed that she 
should maintain the same vertical position when under sail 
as when at anclior. This he proposed to effect by atljusl* 
ing the sail in such a manner that its centre of effort sliould 
be sitiuted In a point, which he has named the ** poirU re* 
iiqw,’* and which he descrihes as being such, that when the 
centre of effort of the sails coincides widi this point, the 
moment of the force of the w ind to incline the ship will be 
wholly destroyed by die moment of hydrodynamical stabi- 
lity. But sucli an arrangement uf the sad is not practically 
applicable to the cases in which the direction of the action 
of the force of the wind is oblique to tlwt of the cotirse of 
the vesael ; for, from the small projwrtlnn which the breadth 
of a vessel bears to her length, the moment of hydrodyua- 
micai stability will, under these circumstances, be less tlian 
when the directions of the wind and of die sliip’s course ra- 
incide, while the ri'sultani of the effort of the wind will act 
at the same heiglit above the centre of gravity of the ship in 
either case ; therefore Bouguer only insists, that since the 
moment of the hydrodynamical stability cannot, con>istently 
with other circumstances, be made to destroy die whole of 
the effort of the wind to incline the ship, care should be 
taken that these two forces should be so proportioned to 



each other, that a sufficient moment of hydrostatical stabi* Tbeory. 
lity may be acquire<i to resist the excess of the moment of'’*“N'*"^ 
the wind on the sails over the moment of hydrodynamical 
slahility. without too great an inclination of the ship. 

Rut when the direction of the wind coincides with that Of import* 
of the course of the vessel, it is of great importance that the 
change from a stale of rest to one of motion, or rather from'*'*®®®"*** 
one velocity to another, should be performed widiout any 
longitudinal inclination towards either extremity, and that 
the vessel should preserve that scat in the water which has 
been determined as most advantageous with reference to 
the longitudinal (losition of the centre of effort of the sails. 

The course of reasoning which Bouguer has pursued to Dougwr 
determine the position of this point involves suppositions 
which are at variance with the facts attendant on a 
motion through die water, and therefore the conclusion vajuabke. 
at which he arrives is cTToneous; still, os an elucidation of 
the principle, Ills method may be advantageously explained. 

He supposes DH (fig. 6) to be the direction of the re- tnrewtga. 

tron of po- 

Fig. 6. 

^ poimt rr- 

iifM. 




•ultant of the direct and vertical resistances experienced by 
the fore-part of the vessel AEFB, moving in the direction 
AB; and the Unc SK to be die direction of the resultant 
of the w hole force of the wind acting on the sails. Let it 
meet DH in N. Now since, when die ship has acquired an 
uniform velocity, the forces which oppose the motion arc 
equal to those which produce it, and as these forces act 
horizontally and deiitroy each other, the forces which re- 
main must be verdcal. Take NK and NP to represent in 
quantity and direction the force of die water on the bows, 
and of the wind on the sails; then complete the parallelo- 
gram NHTP, and join NT ; NT will represent, in quantity 
and direction, the force remaining ai\er those parts of the 
forces NK and NP, which are equal and opposite, arc de- 
stroyed; and therefore NT will act in a vertical direction 
to lift the ship. But though this will be the direclicn of 
the action uf NT on die vessel, iU effects may also be to 
produce a rotatory motion round her centre of gravity. 
This will depend on the |io«ition of die point N, the inter- 
section of bK and DH. If wc sup|>ose the direction DH 
to he constant in position, and Sk to vary in position ac- 
cording to the height of the sails, we shall see, that wlien 
the niOBis and sails ore high, the direction SK will cut the 
direction DH at a point near die stem ; and therefore the 
action of the force NT taking place so near one extremity 
of the vcfsi'l, and one side of the centre of gravity, will 
tend to itimicrse the opposite extremity. On the conlrary*, 
if die masts and sails are low, the direction SK will inter- 
sect the direction DH more near to the bows of the ship, 
and the action of NT being before the centre of gravity, 
will raise the fore and immerse the after part ; and this in* 
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Tbeofy. clin&tion will continue until the force winch causes it is de- 
ttro)'ed by the moment of the hydrostaticai stabiliry gene- 
rated by the inclination. From this, Bougucr concludes 
tliat it is onl^ when the masting is of such a heiglu that the 
direrti<Mi SK intersocU DII at a point at some mean dis- 
tance between the bows and stem, and at which neither 
of these effects will be produced, that the ship will have no 
tendency to longitiidin^ oscillation, and the only effect of 
the force NT will be to lessen the part of the ship which is 
immersed in the water when she is at rest ; and this point 
he has called the point rtiiaw. Bouguer delerniines 
the position of tliis point vrtiqtte in titc following man- 
ner. From r, the centre of gravity of the load waicr-acc- 
tiun, as being nearly coincident witJi the centre of gravity 
of the lamina, AB^, of the vessel which is lilted by the 
action of the force NT, the vertical line VT is drawn, and 
tile point N in which it inlcrsect* the direction of the re- 
sultant of the resistance of the water to the bows will be 
the point through which the Itorizontal line SK, rcjircsenl- 
ing the direction of the action of tlic wind on the sails, sliould 
pass, in order that the ship may move in the direction of 
Its course without a depression of either extremity. In order 
to prove dial this will be die cose, he supposes the displace- 
ment ABFE of the ship to be made up of the two homo- 
geneous parts ABAa and a6FB; and therefore, when the 
ship is only subjected to the vertical pressure upwards of 
the fluid, these parts will have their common centre of gra- 
vity, which will be the centre of gravity of the di^lacc- 
ment, in the same vertical plane with the centre of gra- 
vity of the ship. The harizonta] distances of r and m*, 
the centres of gravity of the homogeneous parts AB&a 
and a&FE, from the vertical section in which the centres 
of gravity of the ship and of the displacement are, will 
be inversely as those parts t but when, by the action of 
the force NT at r, the displacement is diminished by the 
qiumtity ABAa, the vertical pressure upwards will be dimi- 
nished by th.tt same quantity, and will act at te, the centre 
of gravity of the new diiqilacement a^FE, with a force equal 
to the weight of o&FEt therefore, the forces being in- 
versely proportionaa* to the distances of their action from 
the common centre of gravity of the sliip, and both acting 
upwards in a vertical direction, will maintain the ship in 
TTie error equilibrio round that centre of gravity. This reasoning of 
•fUuugucr. Boupier on the position of the point N is incorrect In its 
application to practice. It depends on the supposition, that 
when by the force of the wind motion is communicated to 
the vessel, she will rise in the water from the effect of the 
action of the force NT, and the water-line AB will become 
oh, the displacement being diminished by the quantity 
ABaA. It is not enough to satisfy the conditions of Bou- 
gueris reasoning, that NT should exert an effort at r equal 
to diminishing the displacement by the quantity AB^ t for 
unless the diminution of the displacement actually takes 
place, the position of its centre of gravity cannot be affect- 
ed 'm the manner assumed in the reasoning, but will con- 
tinue in the verUcal section passing through the centre 
of ^avity of the ship ; and then, by the action of the force 
NT at r, the ship will revolve round the centre of gravity 
ffy until, by the motion of the centre of gravity of the dis- 
placement, incidental to the revolution, amomentof hydro- 
staUcal stability is generated equal to the moment of NT 
to incline the ship. Now it is proved from experiment 
that the displacement is actually greater when a ship is in 
motion than when she is at rest; therefore, reasoning on 
the supposition of its diminution is inapplicable to practice. 
There would be an alteration in the position of the centre 
of ^vity of the dbplaccment resulting from this increase, 
which might either act in opposition to, or with the effect 
of NT, to incline the ship, according to the relative form of 
the botly above the original water-line. 

But it is evident that the principal error made by Bou- 



guer throughout the investieatinn of the position of his Thfutv. 
point tthqur. is that It Is conducted with reference only 
to the resultant of the positive resistances which the vcsm'I ***" 
experiences, instead of to tlie resultant of both {jositive ami 
negative resistances. Chapman, while he adopts Bougurr*schs(>iitaB 
views on the existence ofsonac limit to the situation of the bs« avoided 
centre of effort of the sails above the centre of gravity ophe error vi 
the ahip, has avoided this error, and lias investigated its po- Bouguer. 
sition from the data of the total resistance experiencpd by 
the ship, lie first determines the quantity and direction 
of the mean resultant of both the positive and negative re- 
sistances of the water; tiien, wnce the force of the wind 
must be equal to the resistance of the water opposed to it, 
if llie dtrectioiis of the resultants of these two forces were 
exBCtIv o]>posed to each other, their moments, estimated 
from the centre of gravity of the ship, would be equal, and 
consequently the force of the wind would have no effect in 
making the sliip revolve round its centre of gravity ; there- 
fore, if the surface of the sail was peqiendicular to the re- 
sultant of the direct and vertical resistances experienced 
by the ship, there would be no limit, arising from these con- 
siderations, to the height at which the centre of effort of 
the sails might be placed ; for, whatever might be its {H>si- 
lion in the line of direction of the resultant of the resist- 
ances of the water, the moments, estimated from the centre 
of gravity of the ship, would be constantly equal, since the 
|)crpendicular distance between that point and the direc- 
tions of tlic actions of the forct^ would remain constant, 
however the force of the wind, and consequently the re- 
sistance of the water, might be increased or diminished. 

But since the directions of the wind and of the course of the 
vessel arc both horizontal, and the sails are placed nearly 
at right angles to the horizon, the action of the forceof the 
wind, and its moment round the centre of gravity of the 
ship, to counteract the moment of the resistance of the wa- 
ter, must be estimated in a horizontal direction ; and con- 
sequently the height of the centre of effort of the wind on 
the sails must be measurt'ii on a vertical line drawn from 
the centre of gravity of the ship, and must be such that the 
horizontal moment of the wind shall be equal to its mo- 
mcnl, estimated under the supposition that its action is in 
a direction opposed to that ol the resultant of the resist- 
ances of the water, when it will have no tendency to dc- 
preas either extremity of the vcebcL 

Cluipman’s investigation is as follows : Suppose DF ami Cbsp<iisn's 
EC (fig. 7) to represent respectively, both in quantity and'',‘''«t‘K** 



Fig. 7. 




direction, the resultants of the direct and vertical resist- 
ances against the fore and afrer parts of the vesael. Produce 
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DF and CE to Interucct each other in B ; then on DB pro- 
duced take BV' = DF, and on BC take BI = EC ; com- 
plete the parallelojrram VBIH, and DH will repreaent, in 
miantity and direction, the resultant of the whole of the 
uircct and vertical resiatancea against the fore and after 
parts of the ship ; and BH, multiplied into (iM, GM bdng 
drawn from the centre of gravity G of the sliip, perpendi- 
cular to BH produced, will represent its moment to make 
the ship revolve round its centre of gravity. The centre 
of effort of the sails must therefore be at such a height that 
the moment of the wind, estimated from the centre of gra. 
vity of the ship, may be equal to this moment. If HM re- 
present the line of direction of the eflbrt of the wind on the 
sails, the force of the wind acting in tlmt direction wilt be 
represcntesl in quantity by HB; but as the action of the 
wind Is horir.onW. and Is equal to the horizontal efibrt of 
the water, if BH be resolved into BN and NH, then BN 
represents, in quantity and direction, tlic horizontal resist- 
ance of tlkc water, and NB in the same manner represents 
the liorizontal effort of the wind ; and if GO be drawn from 
G perpendicular to the horizon, meeting HB in O, we have, 
from similar trianglea, HBN and OGM, NB x GO = HB 
X GM ; that is, O, the point in which a vertical line pass- 
ing through the centre of gravity of the ship intersects the 
directiem of the resultant of the resUtanccs of tlie water 
against tlic (ore and after parts of the shifb is the correct 
hciglit at which the centre of edbrt of the sails should be 
placed, that the ship’s horizontal water-line, when she has 
acquired an uniform velocity, may not be affected by any 
change in the force of tJie wind. 

This tKiint O docs not fulfil the conditions of Dougucr's 
poin4vt/tqi4f, as it only determines the position of the centre 
of effort of the sail as to height above the centre of ^vity 
of the sliip ; for the moment of sail acting in a honzontal 
direction, estimated above that centre of gravity, will be the 
same at whatever point in a horizontal line passing through 
O the centre of effort may be placed ; therefore this point 
O may be more properly called the height of sail. The 
position of the centre of effort of the sails in a horizontal 
line at this height of sail, will de|>end on the considerations 
which have been explained in a former part of this article. 
It may therefore difier very considerably from that deter- 
mined by Bouguer, not only in its verti^, but 'm its liori- 
zontaJ position. 

From this investigation of Chapman’s, it evidently ap- 
pears, that unless BH coincides with NB, that is, unless 
the resultant of tlie resistances of the water is horizontal, 
there will be a force NH or HN acting in a vertical di- 
rection, eillier upwards or downwards, at the centre of gra- 
vity of the sliip, according as the positive or negative ver- 
tical resistances are the greater ; for this force, acting in a 
vertical direction, cannot be derived from the direct resist- 
ances, which act horizontally ; and since the whole force of 
the wind acts in a horizontal direction, and U destroyed by 
the horizontal effort of the water, no part of its force can 
be employed in a vertical direction aftecting the action of 
HN or NH. This furcc will therefore act to increase or di- 
minish the displacement of the ship when in morion, ac- 
cording as the negative or positive vertical resistances are 
the greater, that is, the quantity by which the displacement 
would be increased by the diminution of the vertical pres- 
sure upwanLii, incidental to the motion of the vessel, will be 
diminiMied by the action of'the force NH ; but unless NH 
is greater than the diminution of the vertical pressure upwards, 
it will have no effect on the position of the centre of gravity 
of the displacement, and therefore none on the longitudinal 
inclination of the ship. The (bree HN, acting in conjunc- 
tion with the diminution of the vertical pressure upwards, 
will affect the position of the centre of gravity of the dis- 
placement in tne same manner as that affects it, that is, de- 
pendent on the relative form of the body above the water. 



Therefore in this case the ship may have a slight tendency Tbowy. 
to longitudinal oecillation, even though the centre of effort 
of the sails be placed at the height of sail, as determiised j*! 
by Chapman i but this will not affect the correctness o^ritudinal 
Cti^Nnan’s principle, and a ship may be easily constructed oscillation 
with such a form at the parts about tlie sur^e of the wa- may 
ter, tliat this inconvenience will not occur. 

Now, if we suppose BV and BI to be given in position, 
the force NH or HN will depend, in quantity and direc- 
tion, on the proportion between BV and BI, that is, on the 
proportion of DF to EC. Now when BH coincides with 
NB, or when the direction BH of the resultant of the 
water U horizontal, the force NH or HN vanishes ; there- 
fore, if wc suppose HB to coincide with BN, then HB is 
parallel to CL); and the angle VBH will be equal to the 
angle BDC, and tlie angle BCD will equal the angle HBC 
= VHB. NowVH;VB::sin.VBH:sin.VHB::sin.BDC: 
sin. BCD; and since VH s: BI =: EC, and BV = DF, there- 
fore EC : DF:: sin. BDC: sin. BCD; consequently we Iwve, General 
that the positive and negative vertical resistances arc equal 
to one another, and the direction of the resultant of tlie re- 
sistaners of tlie water will be horizontal, when the result- 
ant of tile direct and vertical resistances of the water on 
the bows of the vessel is to the resultant of the direct and 
vertical resistances on the stem, inversely as the sines of 
the angles which the respective directions of these resul- 
tants make with a horizontal line. 

The extremities of a vessel of the usual form may, for 
the purpose of determining the projxntion between the di- 
rect and vertical resistances which they experience, be con- 
sidered as pliines moving obliquely in a fluid, and conse- 
quently the proportions between the direct and vertical re- 
sistances will depend on the angles of inclination which tlie 
surfaces of these extremities nuke witli the direction of the 
vessel’s motion, that is, willi a hurizunlal line ; and the sum 
of the direct resistances on cither extremity will lie to the 
sum of the vertical as the cosine to the sine of the angle of 
inclination ; consequently, as long as the inclinations of the rrofortlMi 
bow and stern to a horizontal line remain unchanged, thish«cween 
proportion between the direct and vertical resistances ex-^^*;*!’*** 
pcricnced by those parts respectively, that is, the propor- 
rion of DK to KF. and of LC to EL, will he invariable 
and therefore, as far as these ccmsideratkms are involved, 
the directions of the resultants DF and EC will remain 
constant, wliatever alteration may take place in their re- 
lative proportion to each other, arising from any increase 
or diminution in the velocity of the vessel. 

Since, when the direction of the resultant of the water 
is horizontal, £(': DF: : sin. BDC: sin. BCD, then EC* 
sin. BCD z DF * sin. BDC ; now let us sup^tose tho 
proportion of DF to KC to be altered, so tlut EC * sin. 

BCD will be greater than DF ‘ sin. BDC, that is, let us 
suppose the comparative proportion of DF to EC to be in- 
creased. 

Produce DV to P, and make BP to BI in the increased 
proportion of DF to EC, complete the parallelogram BPQI, 
and draw the diagonal BQ ; BQ will represent the direction 
of the resultant of the resistance of the water, after the al- 
teration of the proportion between DP and EC. 

Produce QB to S, then the angle PBQ = the angle 
DBS, and since BP is parallel to IQ, the angle PBQ is 
equal to the angle IQB, and the angle IHB is greater 
than the angle IQD ; consequently the angle DBM, which 
U equal to the angle IHB, is greater than the ai^Ic IQB, 
that is, tlie angle DB.M U greater tlian the angle DBS, and 
S, the point in which the direction QU cuts the vertical 
line GO, will be within or below the point O; therefore 
GS will be less than GO. If EC, that is, BI, had been in- 
creased in proportion to DP or BV, the point S would, in 
tlie same manner, have been found to be above the point 
O ; consequently, from this we may deduce the following 
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general proposition, tliat as the proportion which the re* 
Bultant of the direct and vertical rcsiHtanccs on (he boa s of 
a vessel, bean to the resultant of those resistances on the 
stem, is greater than the proportion which the sine of the 
angle made by the resultant of the aftrr*resistances with a 
horizontal line, bears to the sine of^the angle tnaiie by the 
resultant of the fbre>resi<tjnces with a horizontal line, the 
height of sail will be diminished, and as this pro|H)rtion is 
diminishes}, tlic height of' sail will be increosiHi. Now when 
DF is infinite in comparison with K(.*, that is, when the 
negative resistanci'S vanish, BQwill coincide with BF, and 
the height of uil will be at W, the point in which the vct- 
ttcal line drawn from the centre of gravity of the ship in> 
tersecu the direction of the resulianl of the poaitive re- 
sistances. But if DF vanislies in comparison with KC, BQ 
will coincide with BI, and the height of sad will be at K, 
tlic point in which the verlic^ line drawn frtmi (he centre 
of gravity inlersc<*ts the line HC; consequently the [Kiints 
K and W will he the limits between which the position cf 
Uie height of sail must be situated. The directions of the 
resultants uf the resistances on the bow and stern being 
known, the {losiiton of thU point within these limits will 
(le}K‘nd upon the velocity of the ship, in as far as that ve- 
locity afiV'cts the ratio which tfiesc resultants bear to each 
other. And since tite negative resistance deperids on tlic 
degree of vacuum u hicli the vessel creates by the velocity 
of its passage through the water, it will evidently be very 
inconsiderable as long as the velocity continues small. In 
fact, tliis is found to be the case ex|)erimi-ntally, as is also 
tfiat, after certain limits this negative resistance increases 
in a greater ratio than the velocity. We may therefore 
draw the general conciii'^ion, that the less the velocity uf 
the ship is the ne.arer will the height of sail approximate 
to tlial of ils lowest limit » and. on tlic contrary, tlie greater 
the velocity of the sliip, Uie nearer will this point approach 
its highest limit. But as we are not yet suSicicmIy ac- 
quainted with the taws of the motion of fluids to determine 
the ratio of the increase or d(*crease of the positive and ne- 
gative resistances experienced hy bodies in their |>assage 
through till* water, we cannot a!U.ertain how near tlie ulti- 
mate position of the height of sail with the greatest velocity 
which the vessel can acquire will approxiuuite to the limit 
which has been assigned to it. 

One circumstance which may alTcct the height of tail re- 
mains to be noticed: this is, tlie deviation of the ap|i«reat 
w ater-line of the sliip w hen slic is in motion, from her hori- 
zontal water-line, which is occasioned by tiie accumulation 
of fluid at the fore-part of the ship, and the depression of it 
at the alVer-fiart, that is incidental to tlie motion of a body on 
a fluid. Thu will vary in degree in pro|>ortion to the velo- 
city of the ship. Now if this addition to the one and diminu- 
tion from the other of the rc*»Uting surfaces alter the propor- 
tions betw een their respective vertical and direct resistances, 
the directions of the resultants of the rcvUtanccs on these 
surfaces, which depend on these proportions, w ill aI.4o be al- 
tered. If the oxtremitiea of the vei»»*d were formed by plane 
surfaces, neither the accumulation nor the depression wtiuld 
alter the directions of the resultaiiU of the resistances, since 
the angles of incidence would be the same for every part of 
the surfaces : but as live extremities of the vessel are curve d 
surfaces, the cflcct produced on the direction of the re- 
sultants of their respective fL-sistanccs will tlepcnd on tlic 
relative inclination to the horizon uf the curve of that part 
of the body beneath the horizontal water-line, and of the 
parts above or below the water-line, which will be aflected 
by the accumulation and depression of the water. Since 
the lower parts of the vessel's body, both forward and abafi, 
are those which are generally moat inclined to the horizon, 
it is probable that the direction of the resulunt of the re- 
sistances on the bow is lowered by the accumulation of the 
water against tbero, and that the direction of the resultant 



of the reslstant'cs to the stern Is rather raised by the depres- TUory 
sion of tlie water at lltat part. At the same linve it 
abo be observed, that, by the cffi'ct of the accumulation, 
the centre of effort at which the rc'sultant of the reuslances 
against the hows acts will be raised, w hile, by the eflect of 
tlie depression, tliat at the stern will be lowered. 

The position of this point will determine the height above 
the centre of gravity of tlie ship, at which the common 
centre of effort of the sails should be place<l, not only when 
the directions of the w ind and of the ship’s course coincide 
witii each other, but also whatever may be the direction of 
tlic ship’s course witli regard to tliat of die wind: for, under 
all circumstances, that portion of the force of the wind 
which acts in propelling the ship in the direction of her 
course, will be subject to the same laws which govern the 
action uf (he w liole force of tite w ind when it acta in that 
direction. 

It is also evident, that It is not only necessary that the Additimi nr 
centre of effort of the surface of those sails which are usually diauoBuuQ. 
set, and fur w hich the poiulion of the height sail ia gene- 
rally recommended to be estimated, should coincide with 
this point ; but also, that when additions are made to the 
qiuuuity of sail set, care sliould be taken to preserve the 
common centre of effort of the whole surface as nearly at 
this same hvigut above die centre of gravity of the ship as 
is possible. 

It is frcxpiendy observed that a sliip’s velocity does not Vrloriiv 
increase or decrease in proportion to the additiunal quantity 
of sail set or taken in. It U evident, from the principles^'** 
which have been explained, that these apparent anomies 
must arise from the mal-position of the centre of effort of 
die sail I and, in fact, it is even possible that the velocity of 
a i>hip may be di^reosed by the addition and increased by 
the uiminutiol) of sail, if the centre of effort is improperly 
placed. That UiU may be the more evident, suf>pose AB 
(hg. bj to be the water-line of a ship, when the centre of 



Fig. 8. 




effort of the sails is situated at the correct height of sail 
Ci F : (hen suppose the disposition of the sails to 1 m so alter- 
ed dial their centre of effort coincides with £, a point si- 
tuati-d above the point F ; and let a = the force of the wuid 
on die sails butli before and oAer the alteration ; its moment 
to turn die ship round its centre of gravity G, when its 
action takes place at the point K, will he equal to a , EG, 
and this force will be opposed by the horizontal resistance of 
the water, aUo = a, acting at the distance FG from the 
centre of gravity G; therefore a* EG — o • FG = a* EF will 
be the force exerted by the wind to nutke the ship revolve 
round G, ils centre of gravity, and immerse the bows; and 
die inclination w ill continue from the effect of tlus action 
until the moment of hydrostatical stability, which it will 
generate, becomes suflictent to counteract it- It should 
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The ory. bcTC be obwnrwl, that by Utc difference which the incline- 
■ lion of the »hip will nnnkc' in the anpleti of incidence of the 

water on the bow« and sicm, the correct iRdpht of «ail, alter 
the inclination, will most probabl)^ not coincide with F, but 
the alteration arising from this circumstance in the position 
of this point will depend on the form of tlic vessel's body. 

Wl»cn the force a • EF is destroyed, suppose tne water- 
line to coincide with CD, then from G draw (ill, making 
writh GE the angle EGH etpial to the angle of inclination 
DGB \ take GH = GE, then 11 will be the position of the 
centre of effort E of the sail after the inclination, and the 
angle 6GH will represent the inclination of the plane of 
the sails to the l>orl£on, they having been sup|>os^ lo be 
vertical before the inclination of the ship. Now from II 
draw HM horizontal, and take MH to represent the wiude 
force of the wind acting in that direction, at the points 
H and F s then from M draw MI< perpendicular to GH ; 
and from L draw LK perpendicular to MH ; MK will re- 
present the borizootd lorce of the wind acting to prof»el the 
ship in the direction of its course, w hen the centre of effort 
of the sails is at E. Since MH represents the quantity of 
tins force when the centre of effort of tfie sails is at llic true 
height of sail F, K II will represent tliat part of the horizon- 
tal force which is lost by the mal-position of the centre of 
effort } and if MH, the whole force of the wind, be assumed 
equal to radius, then from similar triangles MHI^ LHK, 
we gel tlic value of KH eqtial to the wpiare of the sine of 
the angle of incliuatiun divided by the radius, wlien radius 
is equal to the whole force of the w ind. Therefore, if the 
removal of the centre of effort from its correct position at 
the height F had I>ccn accomplished by an addition lo the 
quantity of sail set, instead of by an alteration in its dispo- 
sition, unless the increasiO of Mil, the force of the wind 
arising from the increase in the area of sail set, was greater 
than this value of KH, which repre^nts the force lost, the 
velocity must be diminlslicd iii»teatl of being increasc<l, 
by the addition to the force of the wind; since its effective 
force to propel the ship would be diminished by a quantity 
equal to the difference between this value of KH and the 
increase of the whole force of the wind. Now suppose that 
by the mal-posiiion of the centre of effort at E, the ship is 
inclined so that GH is the plane of the sails, it is evident 
that the quantity of sail may be reduced until the force of 
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without diminisliing the velocity, if, by thU reduction in the 
quantity of sail, the centre of effort is removed to ila correct 
position at F. This reasoning shows that when llie centre 
of effort of sail is ]»laccd too high above ibc centre of gra- 
vity of the ship, the disadvantages of such an adjustment 
may be lessened by raking the mast-s since hy that meant 
the loss in the force of the wind may be avoided. 

If rmtrc of When the centre of effort is above the heiglit of sail, the 

^ort of Mil vclocily of the ship will be subject to further decrease from 
briehi U ^ increase of resistance which will result from the inirocr- 
skm of tlic full parts of the body forward, and the conse- 
quently greater area of mid.ship section. Also, in tlic cose 
which has been sufqw>sed of the plane of the aaiU being 
vertical before the oomniencement of the action of the 
wind, when the longitudinal inclination EGH tAki*4 place, a 
part of the action of the force KI. will act to increase tJte 
displacement, and consequently the resistance. This dis- 
advantage may also be diminished by raking the masta. 
Eicest of There are other circumstances arising out of the longi- 
aionwnt of tudinal inclination of the ship, caused by the excess of the 
**d moment of the wind on the sails over the moment of hy- 

drodynamical stability, which are disadvantageous to the 
.^i.-.i .«nt,i.good properties of the ship. The equilibrium which cn- 
litj. sues between the excess of the moment of the wind and 

tlie moment of hydroslatical stability, which has been de- 



scribed as being generated by the inclination, will not be Theory, 
constant, as every increase or decrease in Uic force of iJie 
wind will cause an increase or decrease in the moment of 
stability, w Inch must be obtained by a corresponding change 
in the inclination : tlierdbrc a ship in which the centre of 
effort it placed above tlic true height ol' sail, will be subject 
to an alteration in her water-line at every change in the 
force of the wind ; and it will, owing to this circumstance, 
not only be impossible to adjust the longitudinal position of 
tlie centre of effort to any fixed trim of the sliip which may 
have been found to be advantageous, but it w ill be equally 
inqMMsible to determine the best Imsgitudinal position Ibr 
this point, after the ship is in a state of motion, since her 
trim will be subject to constant change. 

If the centre of effort, instead of being supposed to he Centre of 
situated above the true height of sail, be considered lo 
below that |K)int, the immersion will take place at the after- 
exiremity of the ship, from the action ul the excess of the 
moment of tlie rcsisUncc of tlic water. It must also be 
observed, that there will be this difference in tlic two cases. 

When the centre of effort is above the height of sail, at 
every increase in the force of the wind (he ship will, from 
the increased immersion of the bows, fly up to the wind, 
while the effect of the immersion of the aAer-|iart will be 
to make lier fall off from it. The ill effects w hich have DUsdru-* 
been dcscrilK^ as attendant on the maI-|XMilion of the ^ 
centre of effort of the sails with respect to the lieigfit 
sail, though they cannot be removed while the cause exists, of 
and which may consist in the improper proportions of the edWt. 
masts and yards, can in some cases be diminished by an 
alteration in the disposition of the weights nn board the 
ship. If, instead of kUp|N>«ing the ship to incline, from the 
action of the force of the wind at tlic point E, we suppose the 
effort of this force to proilucc the inclination to be counter- 
acted by the removal of a weight (&) from a point N at the 
fore-part of tlie shqi, to another point O at the after-port, 
then the ship will be maintained in a state of equilibrium 
by the action of the two equal forces a • EF ana b‘ NO ; 
and she will therefore move without longitudinal inclination, 
as long as the force of the wind remains constant ; but any 
alteration in that force must be counteracted by a corre- 
sponding alteration in the position of tlic weight : also, when, 
from the action of the water on tlic hull, the ship acquires an 
angular velocity, (he angular momentum will be increased 
by that of tlii*se two forces which may both be considered 
as weights acting at their respective distances from the 
centre of gravity of the sliip. It is therefore evident, llmt 
an error in tlie position of the centre of effort of the aails 
cannot In? advantageously remedied by any alteration in the 
disposition of the weiglits in the ship, except in peculiar 
cases of smooth water ; and further, it the error be that the 
centre of effort is above the height of sail, the ship w ill la- 
Ixiur under the disadvantage of a diminished area of sail, 
since the moment of sail must be In constant proiiortion to 
the moment of stability ; and if the centre of effort is too 
low, the ship may not be able to obtain all the advantage of 
motive power that her stability would admit of her applying. 

It appears, therefore, that unless tlic centre of effort ofCtfuire of 
(he sail be placed at the height of sail, a ship, however good eifun ai 
her form, and the properties connected wiUi it, may be, and 
whatever may be tlic care beslowcHl lo render those pro- ° 
perties most efficient, will labour under serious disad- 
vantages } white, on tlic contrary', a corrc'ct adjustment of 
this element, and a knowledge of the principles on which 
that ailjustmcnt depends, will place it in Uic power of a 
cominander to obtain a maximum of advanta^ from the 
powers and properties of his vessel, since it will enable him 
to accjuire the greatest possible efficient action froru die 
motive power at his disposal. 

As was before said, the determination of the height of 
sail must be classed among tliosc problems of naval archi* 
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The ory, lecture whicti, labouring under tbe difficuUiea attendant on 
ovir imperfect knowledge of fluids, cannot be attained by 
•in-fuLnt* alone. It will now be shown that, by the aid of 

on tbrprao theory, sufficient deductions may be made from experiment 
to remedy iu practical insuflicienc)'. Throughout tbe fore- 
••atmo of going considerations, the sails have been reasoned on as if 
foregoing plane surfaces. If this were the case, their centre 

of effort would coincide with their common centre of gravi- 
uvercuRK. ty ; but, from tlic flexibility of the materials of w'hich they 
are made, the sails become, when acted upon by the force 
of the wind, curved surfaces. However, from the whole 
surface of sail with respect to height iK'ing composed of 
several such surfaces, the error arising in practice (rom as« 
suming Uio height of the common centre of gravity of the 
whole surface to be the height of the centre of effort, will 
be very inconsidiTablc ; therefore, in practice Uie centre 
of effort of the sails may be represented, with respect to 
height, by their common centre of gravity, 

oince we know, from the principles which have been ex- 
plmned, that when the centre of effort of the sails is at the 
true Iwight of sail, the trim of the sliip will not be sublet- 
ed to alteration by any increase or diminution in the torce 
of the wind, the lH.'igfit of sail for any trim may be deter* 
mined by experiment, by first bringing the ship to that trim 
when she is at rest, and then adjusting the soils so that her 
water-line when in motion may be parallel to this trim. 
'Fhis being admitted, it is evident that, by proceeding on 
the principles already explained in this article, the maxi- 
mum of advantage arising irom the correct positiot) of Uie 
centre of effort of the sail may be insured, by first ascer- 
taining, fixim experiment and observation mode with rc- 
fiTcnce to the longitudinal position of the centre of effort 
with respect to the centre of gravity of the ship, the most 
advantageous draught of water, and then determining the 
correct height of sail with respect to that draught of water. 

Tl»e observations necessary to effect these objects will 
re<)uire considerable patience and attention } but it must be 
considered that they will not only enable a commander to 
derive the greatest possible advantage from the means at 
his disposal, but that they will ;ifford correct data for per- 
fecting those means. The following observations may suffice 
to explain the {winciple which should be pursued. The 
draught of water previous to sailing should be observed ; 
and an insimmcnl which will correcUy measure the angle 
of inclination should bo fixed, in reference to this water- 
line, so that by means of it every deviation from this trim 
may be exactly known. This is rendered absolutely neces- 
sary, because, when a ship is in motion, her correct trim, 
that is. her horirontal water-line, cannot be observed, in 
consequence of the acctimulalton and depression of the wa- 
ter which is caused by the motion. In fact, any alteration 
nude in the trim of the ship or (he sails, founded on obser- 
vations made with reference to the apparent water-line, 
might be extremely hazardous, and certainly would not 
pr^uce the results expected, os the position of this water- 
line depends wholly on the circumstances which arc in im- 
mediate operation. Having the instrument fixed, when the 
ship has acquired a uniform velocity olwerve tlie alteration 
which has taken place m her trim, as, until the velocity is 
uniform, the trim will be influenced by the force which ac- 
celerates the velocity. Then, if her longitudinal oscillations 
or her pitching motions appear to be only influenc'cd by the 
state of the sea, the centre of effort is correctly placed at the 
height of soil. Therefore the height of the centre of gravity 
of the surface of sail set, will give the height of sail. Rut if 
at every change in the force of the wind the vessel experi- 
ences a sudden increase oflongitudinal oscillation, observe 
by the instrument its nature and degree, and make such a 
change in the adjustment of tlie sails as the foregoing prin- 
ciples have shown to be necessary ; and when the tendency 
to increased longitudinal otciUation ceases, find the height of 



aail by calculating the height of the centre of gravity of the Theorr. 
surface of sail then set. In this manner the correct height 
of soil for any trim may be found ; while, by observing at 
the same time the comparative qualities of the ship wher» 
at each of these trims (afler the height of aail is deiennined 
fur it), that trim of the ship and sails may be determined at 
which a maximum of advantage may be derived from the 
inherent good nualittes of Uk* ship, as far as the perfection of 
the mtUrritl will admit, that is, as for as the position and pro* 
portion of the masts, yards, and sails, are adapted to the ele- 
ments of the construction of the ship's body; while from 
knowing tlie best trim of the ship, and the true position of 
tlie centre of effort under the several circumtUmces of wind 
and sea, the naval architect will be in possession of sufficient 
data to make such alterations in the mtUerkl as aliall then 
insure a maximum of' advantage with a maxiniuro of the 
means. In fact, correct observations of this nature would 
go very far to remove much of tlie difficulty which theory, in 
its application to some points in the practice of naval archi- 
tecture, at present labours under. 

The laws which govern the mutual action of the wind and Ree*|>inil»- 
watur on a ship wlien she is in motion have now been ex-^^ 
pliuned, principally as they affect her equilibrium round ^b”*‘*^P***' 
vertical or a horizontal axis of rotation ; because by point- 
ing out the various states of equilibrium which result be- 
tween the action of the wind on the sails and the water on 
the hull, WT are enabled to show U>c effects which may be 
produced on the qualities of the ship by modifications in 
these equilibrio ; eitlier by the use of tlie helm, by altera- 
tions in die trim of the ship, in the quantity of the sail set, 
w in the disposition of tliat quantity, so that in the various 
changes which may take place in the state of the wind or 
of the sea, the qualities of the vessel may either experience 
the least possible injurious effect, or the greatest poosible 
decree of benefit, according as tlie tendency of the change 
may be injurious or beneficial. In pursuing this train of 
reasoning, we have also endeavoured to explain in what 
manner the principles that govern the mutual action of 
these forces may be mode available in directing such ob- 
servations on the performances of ships as may lead to the 
formation of correct couclurions on their powers and quali- 
ties, and guide us to the best means of rendering these qua- 
lities most easily available. It has also been tliown, that by 
experiments and observations made according to the prin- 
ciples which have been advanced, a maximum of advantage 
may be obtained from a ship, as far os the form, the fitness 
of the proportions and positions of the masts and yards, the 
proportions of the sails, and the trim of the vessel, will admit ; 
and, what is yet more important, that sufficient data may be 
obtained to enable tlie naval architect to judge correctly of 
the comparative perfection of those means, and so to form 
correct conclusions as to such deviations from them, os would 
cither tend to their improvement or to obviate similar de- 
fects in a future design. 

It is evident, that whatever may be the service required In evrry 
from a vessel, there must always be some maximum of ef-*^f’ ■ 
ficiency with reference to those services, which is to bear-^*^““ 
rived at by a judicious combiruition of the powers of the„ji,«.y, 
vessel with the means which call them into action. The 
distinguishing division of the characteristics of the qualities 
required in vessels are oiainly those peculiar to burden 
and those peculiar to velocity. In England, for the last 
century, we may say that burthen, to tbe sacrifice of every **• 
other quality, nay, even to an extent compromising the^'j^ 
aafety of the vessel and the lives of* the crew, has been theciey. 
•olit^ rcquircmi'nt in the design of a merchant-sliip. 

In ships of war, under almost all circumstances, it is a In ihirw of 
combination of the two which is Uie desideratum } and it both 
is not sufficient tliat a vessel should be only capable of great '^*c****n'* 
velocity in direct couries, or when the propelling force acta 
in tbe direction of the keel ; for it is in most cases of more 
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l^eofy. importanco that she should be capable of p-cat velocity 
when acted upon by a force in a direction oblique to that 
of her len^, and at the same time that tlie deviation of her 
course from this line should be the least poasihle. 

Lee-»«T. The principle* on which this deviation of the course of 
a ship from the line of her keel, or the angle of Ice-wav, de- 
pends, will now be explained ; and the causes will be shown 
which occasion the actual results of observations on sJiipa 
to differ from the theoretic principles which have been ad- 
vanced by writers on this stibject ; and such methods will 
be suj^ested for making further observations in reference 
to these qualities as may be desirable, with a view to col- 
lect data to supply the deficiencies resulting to the theory 
from the imperfect state of our knowledge respecting the 
resistances of fluids, particularly as they ^ect the oblique 
passage of a sliip through the water. 

Wfatever may be the angle which titc direction of the 
wind makes with the plane of the sails, tlic only effective 
force of tlie wind on the sail is that |»art of the w hole force 
which can be resolved into a direction perpendicular toti)e 
surface of the sails ; therefore, w hatever may be the whole 
force of the wind, its effective force will vary as the sine 
of the angle which the direction of the wind makes with the 
sail ; and as die velocity of the ship is in pro|K>rtion to the 
effective force of the wind, it will also, nil things else re- 
maining the same, vary as the sine of this angle. Now, as, 
when the ship is under sail, the direction of its motion 
should coindue with the middle line, that is, with the di- 
rection of die keel, since the plane of resistance is les^ when 
the ship moves in tiuit direction than it is w hen the line of 
motion cuts the sliip obliquely, all that part of the force of 
the wind which acts in any other direction tluin diat of the 
keel must be disadvantageous to her progress, as tending 
to force her in a direction in which she will meet with an 
increased resistance from the water. Prom what has been 
said above, this injurious tendency must necessarily occur 
in every circumstance of the action of the wind on the sails 
of a ship, excepdng in tliat under which the trim of die 
sails is at right angles to the middle line of the ship, as, un- 
der all circumstances, the force of tlie wind on the sail may 
be resolved into two, both of which will liavc effect on the 
ship, the one acting perpendicular anti the other parallel to 
the middle tine: or, if we su|>poac Ail (fig. 9) to be the 
middle line of a sliip, 

and CD the direction Fig. 9. 

of the yard, making 
with AB the angle 
D£ B leas than a right 
angle; and suppose 
FE to represent the 
quantity and direc- 
tion of the force of 
the wind; from Eand 
F draw EG perpen- 
dicular and FG pa- 
rallel to DC, and 

from G draw GH pemendieuW to AB; then GE will re- 
present the effective force of the wind on the sail, and GH 
and HE wrill be respectively equal to the parts of that force 
employed in propelling tlie vcbacI in a lateral and in a di- 
rect course. If CD, the direction of the yard, were per- 
pendicular to AB the line of the keel, the lateral effort of 
tlic wind, or the force GH, would be lost, and have no ef- 
fect on the ship; but when CD is oblicjue to AB, what- 
ever may he the quantity or direction ol tlie ftirce FE of 
the wrind with respect to AB, it may be resolved Into two 
forces, both of which will be effective on the ship. As long 
as DEB, the angle formed by the direction of the yard 
with the line of tnc keel, remains the same, its complement, 
the angle G£H, will remain the same; and as GHK is a 
right angle, the triangle GEH will remain similar to itseli, 
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and the proportion between GH and HE will be invariable, Theory, 
and therefore the effort to cause the deviation of the course 
from the line of the keel, or the action of the force GH, 
will lie in an invariable iirofwriion to the force acting to 
propel the vessel along that line, or the force HE ; and, as 
we know from what has been before said, (hat the forces 
GH and HE must be respectively equal to, and op|)oacd 
by, the lateral and direct resistances oftiie water acting in 
(he directions HG and EH, the motion of the ship must 
be along some line a4, such that the equilibrium between 
these forces may be maintaine<]. This is the principle on 
which the deviation of the course of the ship from the line 
of the direction of the keel dqicuds. 

The angle of lee-way is determined as follows: Suppose 
the direct and lateral resistaoccs of the water to the pas- 
sage of the vessel to be respectively R and r, and tlie sur- 
faces resfiectively opposed to tJiese resistances to be d and 
f, and the angle DEU which the sail mokes with tlie line 
of the keel to be c ; then, if tlie angle of lee-way be sup- 
posed to be r, wc have 

U ; r: :d*co*.* x; e*sin.* x 
R d'cos.^x ft 



and — =: -,W, rr 
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From tins equation, also, it apjiears that the angle of lee- 
way depemls wholly on the angle of inclination of the sail 
to the line of the keel, witlmut in any way involving the 
velocity of the ship; and most writers on naval architecture 
have in this manner considered the question of the ivpiili- 
brium which exist* between the force of the wind and of 
the rCiUBtance of the water in producing this angle. Bou- 
gutT lias calculated an elaborate table of the angle* of lee- 
way for various classes of ships for the several degree* of in- 
clination of the sail to the keel, from ^10^ to 90° ; but the re- 
sults which he has obtaine«l differ essentially from those de- 
rived from observation on the actual iierfonwanccs of vessels. 

According to the theory which has been cxplaincHl, and Boun'uvr. 
on which Boiiguer founded his calculations, the lec-way 
depends solely on the angle formed by the yard and (he 
keel, and is uninfluenced by anyotlicr cause, and therefore 
i* neither affected by the angle which the direction of iIk: 
w ind makes with the sail, nor by the velocity of the vessel ; 
but (ins is contrary to the facts elicited by Uie experience 
of the actual motion of a ship under sail. From the geo- 
metrical construction which has been given, it is evident, 
that whatever may be the force or the direction of the 
wind, the proportion which GH Invars to HE will increase 
as the angle DEB diminislics, and so far the theory agrees 
with exfK’rimenl; but it is well known to all who have ob- 
served the motion of a vessel through the w ater, that w ilh- 
out any alteration in the direction of the w ind with the 
keel, the lee-way varies with every variation in tlie velocity 
of the vessel ; and also, from this same cause, tin: alteration 
in the velocity, all tilings else remaining the same, if the 
angle formed by the direction of the wind with tike keel be 
altered, the angle of the lee-way will also experience an 
alteration t in fact, so greatly does the angle of lee-way de- 
pend on the velocity of tlie ship, iliat in the same vessel, 
under similar circumstances of bracing of yards and direc- 
tion of wind with the keel, the only varying circumstance 
being a difference in the force of the wuid, Uic quantity 
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of lee-w.ay will vary from that which would occur by the 
ahip’s alntost drifting in the direction of the sine of the angle 
of incidence of the direction of Uie wind on the sail, to that 
which would exist if her counH; almost comcideti with the 
line of her keel, or to a quantity which, in practice, woulil 
evidently be scarcely observable. 

There is some ditficiilty in accounting for this difference 
between tlve results of theory and the iiicts observed from 
experience. U de{)cnds in a great measure on the imper- 
fection of our knowledge reiqHMrting tlie laws of the motion 
of bodies in Huids, «o that we arc unable to estimate the cir- 
cumstances of the resistance of tlie water on the bows and 
on the sides of the ship. The results of tlie theory of re- 
sistances, when ajiplit'U to obllipie imji«l*e«, vary verj' con- 
siderably from the actual resistances as observed by expe- 
riment, more especially as the armies of incidence become 
more acute. This discrepancy atnx:ta the lateral resistance, 
or the resistance on the broad -side, more than tlie direct, or 
that experienced by the bows of tlie vessei, and tlierefure 
has a corresponding influence in causing the actual lee-way 
of a ship to differ from the theoretic result. Hut thia, again, 
is one of those difficulties arising from the imperfect state 
of the theory of resistances, which may be classed among 
those which were referreil to in the early part of these ob- 
servations, as rct[iiiring ** only tn he fully known and under- 
stood, to be, if not al)!SohiU*ty theoretically solved, at least, 
from Uie collection of facts, from experiment, and trinn ana- 
logy, 90 far overcome, as to leave nothing to be desired." 
The course of these remarks will tend to show the }x»ssi- 
bility of this. Professor Uuhison, in the excellent article on 
Seanunsiiip, speaking of the results deduced by Buuguer, 
says ** that Uie fierson who slintdd direct the operations on 
ship-board in conformity to the maxims dediicible from M. 
nouguer’s nrojiositioRS would be bafficil in most of his at- 
tempts, and be in danger of liHsing his ship. The wliolc 
proceeds on the supposed truth of iluit theory which states 
the impulse of a fluid to be in the proportion of Uic square 
of the sine of' the angle of incidence, and that its action on 
any small portion, such os a square foot of the sails or hull, 
is the same as if lluu portion were detached from the rest, 
and were ex(K>sed singly and alone to the wind and water 
in the same angle,... Put let it be observed, tliat the theory 
is defective in one |>otnt only ; anil altliough this is a most 
important |M>int, and the errors in it destroy the conclusions 
on the general propositions, the reasonings remain in full 
force, and the operandi such as is stated in the theory.'* 

There is another cause existing to occasion the devia- 
tion which is ohservtdile in the jiroctical results of the lee- 
way of n ship from the conclusiuns of theory, which arises 
from the theory's not embracing the whole of the circum- 
stances attendant on a vessel's motion through the water. 
Hy recurring to the explanation which has been given of 
these circumstances in a previous portion of this article, 
some further elucidation may be afforded to the iinsatislac- 
lory result of the theory. When motion U communicated 
to a vessel from a state of rest, or from a lesser degree of 
motion, the effort of the wind on tlie sails is greater than 
that of the water on the hull, whetlicr to propel the vessel 
in the direction HE of the keel, or, Uternlly, in the direc- 
tion GH, and the velocity of the vessel in each of these 
direction* U accelerated by the excesa of the force of the 
wind over the resietance of the water, until, ultimately, by 
the diminution in tlie relative velocity of the w ind, and the 
Increase of the relative vcliK-ity of the water, an equilibrium 
ensues between the pruiM-'lling and tlie resisting forces, and 
the vessel continues to move in Uic direction of Uie lost 
acting force, and with the last acquired velocity. Now the 
resistance* of the water in the direction KIT and HG may 
\yc assumed to increase a* the squares of the velocitica, and 
from the nature of the form of a vessel, and from the com- 
parative direct and lateral resisting areas, the resistance 



arising from form or area is much smaller in a direct than Theurr 
in a lateral direction, and therefore the equilibriuro betw een ‘ 
the forces which act laterally may ensue before Uiat be- 
tween Uic forces which act directly ; in which cose Uic la- 
teral motion of the vessel will become unil'orin before the 
direct motion, and consequently Uie ultimate course or di- 
rection of the vessel, when all the forces have arrived at a 
slate of equilibrium, will approximate to that of Uie last 
acting force, that is, will more nearly coincide with the di- 
rection of the keel, aiu! the angle of lee-way will be dtmt- 
nislied. As UiU reasoning de(iends on Uie intensity of Uie 
force of the wind, the effect w UI vary as the cause ; and the 
greater the force of the wind, and cuiue(|ueiUly Uie velo- 
city of the stiip, the greater must be Uie dimiii&tion of Uie 
angle of lee-way, that ia, the angle of lee-way will, so fir as 
it is affected hy these considerations, vary inversely as Uie 
sine of the angle of incidence of the wind on the tad. 

Uomme, in Ills Trutte dtt Saviret differs from the opinions Roenme. 
advanced by Uouguer; and (hough his reasoning on tins 
subject is ilir from clear, his opinions are valuable, as he 
founds the omdusions at which he arrives, that the Ice-way 
varies inversely as the square of Uie velocity, and tliat it 
increases with the oblupiity of the sails to the keel, princi- 
pally on observations and experiments on the actuld |>cr- 
Ibrrnances of vessels ; and Uiesc arc the only menus by 
which, as yet, wc can hojie to arrive at the solution of Uiis 
problem. However, much further observation is necessary 
to uffurd siilKcient data on which to found an approxima- 
tion to the Iw-way which a vessel mokes. The general 
fact* which influence it appear to be the greater or lesser 
angle of incidence of the wind on the sail, as the velocity 
of the sliip is dependent on this ; tlie angle of the inclina- 
tion of the sails with the keel ; tlie form of Uie vessel as it 
afl’ects the ratio of the direct and lateral rciiislances; the 
ftmn of the vessel os it ofl'ecU the velocity ; the stability as 
it oflects the lateral resistances ; the quantity of soil set } and 
Uie state of the sea. 

The distance whicli a sliip falls to leeward of her course T«bV« 
in any given lime may geneniUy be very easily ascertain- 
ed ; and it would not be a task of any great difficulty 
form tables, from actual ohHTvation, for ships, under all the 
various ciraimstances which have been shown to affect the 
deviation of their course from the line of direction of Uie 
keel. In live 0{>cn sea tiie quantity of ice-way made in any 
certain time may be easily ascertained by measuring the 
angle which the ship's wuc makes with Uie line of tlio 
keel ; Uien, if the distance run during the time tor which the 
lee-way is to be oliservtHl be ascertained, as that distance is 
meavurvHl along Uie line of lee-way, the distance run in any 
period of time will be to the distance which the sliip has 
fallen to leeward of her course during that time, as radius 
to the sine of the angle of lee-way. W hen a ship is in sight ExpeH- 
of land, Uie angle which the direction of the keel makesranu^ 
with Uie line of lee-way nuiy be more correcUy observed by **'**-^ 
means of a fixeil object on the shore, w henever the slate of^ 
the wind and sea may render an eslimution of the lee-way 
desirable, tliat is, wlienever the wind is sufficienUy steady { 
as. of course, it is supjMised Uiat the angle formed by the 
direction of the w ind w ith tlte line of the keel will remain 
constant during the whole time for which the distance fallen 
to leewan! is to be ascertained. If, when the ship is ehher 
approaching or leaving the sliorc, her head be constantly 
kept to the same point of Uie com|tass, Uie ship's course will 
be along the line of Ice-way ; and as all Uiings are supposed 
to remain constant during the time of the observation, this 
line will form a constant angle with the line of the keel, 
and therefore the }H>int on the shore, which will liave the 
wme bearing from the ship as Uie line of lec-way, will re- 
main at (hat bearing during Uie whole time in w hich the 
ship either approaches to or reix'des from the sliore. Con- 
sequently, if, wlieii a ship eiUicr ofiproaches to or recedes 
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Theory, from a shore, an object on the sliore be olwcrveti whicli 
lias a con«tant bearing from the sliip, it must be in the di- 
rection of the line of lee-way, and therefore the angle which 
it makes with the direction of the keel will be the correct 
angle of lec-nayt ami tlien, as befure, if the distance nin 
in any time be taken as the radius, the distance which the 
ship lias fallen to leeward of her course in that time will be 
equal to the sine of the angle of lee-way to a radius equal to 
the distance run by the vessel in the time assumed. 

The actual qxiantity gained to windward in any given time 
may also be easily ascertained. Tlie motion of the vessel 
through Uie water may be considered in fbur directions, 
and the velocity with wliich it advances in cither of tliesv 
dircctiona determined. 

The actual velocity of the ship, or the velocity along the 
line of lec-way, which may be called the oblique velocity, 
may be resolved into two ; the diri*ct velocity, or that esti- 
mated in the direction of the keel, and the lateral velocity, 
or that which is in a direction at right angles to the line of 
the keel s and contemporaneous with these is the velocity 
with which the ship gains to windward. Let AU (fig. lo) 
be the direction of the 
line of the keel of the Fig. 10. 

vessel, and EF the di- 
rection of the yard, cut- ® 
ting that direction of the 
keel obliquely. 'Fhen, 

whatever may be the a 

direction of the wind 
GH, the course of the 
vessel will be along 
some line HK, forming 
an angle KIIIl with the 
direction of the keel ; then suppose HK on the line of lee* 
way to rcpresc'iit the velocity of the ship in that direction, 
from K draw KL pcmendicular to HR, and cutting HR in 
L ; then the velocity IIK is equal to the two velocities IIL 
and LK ; and HI. and LK will represent respectively the 
direct and lateral velocities of the vessel, in proportion tn 
the oblique velocity flK t and if from the points ll and K, 
HM be drawn perpcndictilar and KM parallel to the direc- 
tion of the wind GH, MK will represent the velocity with 
which the ship has gained to windward in the time in which 
she has described the S[Htce HK. For the origin of the 
wind being supposed to be at an infinite distance from the 
vessel, Bs HM is drawn perpendicular to GH, the direc- 
tion of the wind, it may be supposed equidistant in every 
point from the origin of the wind; and as the angle GHK 
is less than the angle GHM, the line IIK is within the line 
HM ; and therefore the point K is nearer the c^igin of the 
wind than the point H, by a quantity equal to the pciyien- 
dicular distance KM, of the point K, from the line HM ; 
or the ship has gained the distance MK to windward in 
running from H to K. It is evident that if HM coincided 
with HK« the ship would ncitlier have gained lo windward 
nor fallen to leeward ; and that if HM fell within HK, the 
•hip would have fallen to leeward. When tlic distance HK 
run by the vessel along the line of lec-wnv, and the angle 
of Ice-way KHL, arc known, the value of KM may be easilv 
determined; for since the angles GHF, FHL. and LHli, 
are all known, and the line Mil is drawn perpendicular to 
HG, their complement, the angle MHK, is known ; there- 
fore, as HMK is a right angle, HK is to KM as radius U to 
the sine of the angle KHM ; or KM is the sine of tlie angle 
KHM, to a radius equal to the distance run by tlie vcasel 
in the space of time in which the required distance to wind- 
ward, KM, was to be gained. The only difficulties in the 
practical solution of this proposition are, to dcteimine the 
direction HM, or the perpendicular to HG, the direction 
of the wind, and the value of tlie angle GHF ; for when 
the vcosel is in motion, unless the directions of the wind 



ami of the course of the vessel coincide, that is, unless the Tbiwv 
vessel is before the wind, the direction of the wind as '-•-V’"— ' 
shown by the vane on board will not be its true direction ; 
for, from the velocity of the vessel through the air, the vane 
ii subject to a force acting upon it in a direction oppoaecl to 
that of the course of the vessel, the effect of which may be 
Considered tlie ^me as if the vane was at rest, and was 
acted upon by a current of air having a velocity equal to 
that of the vemd, but acting in an 0]>]KMitc direction ; con- 
sequently the vane is acted upon by two forces, the one in 
the real direction of the wind, acting with a velocity equal 
to the velocity of the wind in tliat direction, and the other 
acting In a direction opposed to that of the course of the 
vessel, with a velocity equal lo that of the vessel in its 
course ; and therefore the dircetion of the vonc will be the 
diagonal of the {>arallelogram of winch the sidi** represent 
these tuTy force* in cjuaniity and direction. It is therefore 
evident that, all things else remaining the same, the greater 
the velocity of the vessel, the more will the direction of 
tlie w in<l, as sJiown by the vane, or tlie ap|iarcnt wind, de- 
viate from the actual direction of tlie wind, or the true 
wind ; and as this deviation arises from tlie action of a force VeueU sp 
in a direction opposed to the motion of the vessel, or acting p«sr tu lie 
along the line of the course from the fore-part of the vessel 
towards the after-part, the ap|)arcnt direction of the 
will in all case* head the vessel more than the true dircc- Bctuall; do 
tion of the w ind, and consequently the vessel will alw ays lie. 
appear to lie nearer the wind than she actually does. 

The true direction of the w ind may be found if the ve- True din-c- 
locity and direction of the vessel be known, and also 
velocity and direction of the apparent wind, as the corre-’””"' 
stHHiding velocity and direction of the true wind will form 
the third side of a triangle, of which the three sides will be 
to each other as the three velocities ; and as two of these 
are known, and include a known angle, that formed by the 
direction of the apparent wind with the course of the ves- 
sel, the third side, or the direction and velocity of the true 
wind, may be easily found. Rut as there is a difficulty in 
ascertaining the velocity of the apparent wind, the most 
easy way of determining the direction of the true wind will 
be by observing the arc through which the sliip’s head 
passes from close-hauled on one tack to close-haul^ on the 
ofiposite tack. The bisection of thi* arc will, all things else 
remaining the same, give the direction of the true wind, as 
the course of tlie vessel, in relation to the direction of Ujc 
wind, w ill he the same on cither tack. Or the directions 
of the apparent wind may be obscrvetl both hclbre and after 
tacking, and the true wind will be the middle point between 
the two directions as the cause of the deviation of the di- 
rection of tile vane from that of the true wind, cw* the velo- 
city of the vessel, will be c<]ual on each tack ; and when 
the direction of the true wind is known, all the other parts 
of the triangle may be found, as the direction and velocity 
of the ship arc known, and also the angle made by the ap- 
[>arenl wind with that direction. 

Sliould tlie velocity of the vessel be greater on one tack 
tlian on the other, it w ill he necessary’, in order to determine 
the direction of the true wind, to divide the arc described 
by the vane when the ship is tacked into two segments, 
wliich shall be to each other in the inverse ratio of the ve- 
locities oi the vessel on live tacks adjacent to these segments. 

Writer* on naval architecture and seamanship appear to N'rarrst «p- 
have fixed the limit of the angle which is formed by thet*”‘*'*'|''- 
direction of the wind with the line of the keel, when a slnp*'*’" ^ 
is close-luiuled, at six |x)inls. Thisexceed* the angle whicli^l,^ wind' 
the writer of tliia article has repeatedly observed, by the 
means which have liecn described, as being formed by the 
direction of the wind with the line of the keel, on board the 
Aoom, one of the corvettes of the cxtK’rimental squadron 
of tlie year 1827. 'The following table will show* tlie re- 
sults of some of the observations tlien made. 
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TackWHt. 


H>!d 

•ilrr TarlUac. 


Na. of Paint* 
diOfcrmcc. 


8Uri« of tilt 
Wind. 


S. S. K. 4 E. 


W. 4 N 


11 


fresh breeze. 


W. bv S. I s. 


s.s. 1 E. 


9 


I.igbl sirs. 


S. S. k 4 K. 


W. by 8. i S. 


9 


I.lglit sin. 


W. 4 N. 


N. bv E. } E. 


94 


Moderate. 


N. W. by X. 


VL by N. 


10 


Fresh breeze. 


S. 8. K. 


\V. 


to 


V«fTy fresli. 


W4S. 


S. E. br S. 


i«4 


Very fresh. 



IS, tUreclIy as the velocity c> 
of the abxolute incliiution 
rcctly M the tsquare root of 0 
Af^recs with the conclusions 
and it is evident llMit, the 0 
the same, and the sine of Q 
wind to the yard becoming p 
w hole force of the w ind ad p 
the yard, tlie velocity of tli p| 
of the sails set, and may the Q 
ing, be increased w ithout U p| 
From all the conclusion; 
the course of these remark p 
w ind and w-atcr on a si)i)t, t ^ : 
grec of perfection in the ( , 

r*_, ... 1.... : 



The second and third observations in this table were 
made on the same day. Their corretincas receives farther 
confirmation from the circumstance, that when the Acorn 
was on the larboard lack, with her head W. by S. J S., the 
('ohimbinc, another corvetre of the S(|UAi!ron, was on the 

Acorn’s beam, and it was ascertained from an observer on with reference to her radio 
board the Columbine, she waj lying about S£. by S. on the 
starboard tack ; she must thereforo have been lying as near 
, the wind as tlie Acorn. The wind was very light, the rate 
by log being only one knot two fathoms ; tl»e angle of lee- 
way, as observed by the wake, was seven degrees. It is 
desirable lliat similar observation;; should be made for all 
classes of ships ; the circumstances of sea, wind, and rate by 
log, should also he noticed, tliat when any com])ariaoii is in- 
stituted, a due ailowauee may be made for their influence, 
to We have actm that the velocity of the ship depends on 
th« strength of the wind. WrittTs on naval architecture 
u{ B »lup- ^vanced various opinions as to the practicable limit 

to tho velocity of a ship, in coutparisnn witli that of tJic 
w ind, liougucr endeavours to j>rove that the velocity of a 
fast-sailing shin is, when going nearly before the wind, 
about ^th$ of die velocity of the wind, and that mcrclmnt- 
ships seldom attain to more than one fltlh of ita velocity ; 
but he considers it not impossible that fast-sailing frigates 
may arrive at a velocity about equal to half that of tlie 
wind. Dun Juan objects to Rouguer’s limit, as too restrict- 
ed i he corroborates the opinions he advances by the re- 
sults which he has deduced from experiment and observa- 
tion on Uic acttial perTormanccs of shirrs. 11c says that 

fast-sailing vessels acquire a velocity nearly equal to that of The first of the foilow i ^ »— 
the wind, even when going before the wind. The nearest work, Scales of Displacenu ^ 
approximation to this velocity w hich he observed was as ber of the late School of N - ^ 
twenty-one to twenty-three; tlie average conclusion at was formed by Mr Henwo< 
which he arrives is, that when the course of the ship and establishment, and ptiblish 
the direction of the wind nearly coincide, the velocity of United Service Journal. 



to her course through the ^ 
the suitableness of the disp«^ 
to the form of the vessel. ' 
between these elements is cp) 
son alike sliow, that the mo^ :r 
ed to the qualities of her ft " 
formanccs a{>[>roach to jx* ^ 
the proportions and form 
ing near the wind, and of • 
cannot evidently be made 
form to their full extent, u ^ 
for rendering such qualiiQ 
which tlic fonn and prt^i 2 
ing In oblique couru*s, by 
for siicb forms and courscf 
the degree of advantage ii X 
would otherwise be capably 
time fall far short of the v Z 
capable in direct courses, tfi 
sail well, her form mu.st i "P . 
and quickness of manoeuviO [ 
to her form ; and she must I H | 
petrnt to dcvL'lo^w the od\ q ' 



Uie ship is from ^ds to H'-tfas of that of the wind. 

Msv rs<v« 1 Rut in oblique courses it is very {>ossiblc for tlic vessel 
tl. u of the to acquire a velocity even greater than that of the wind, if 
»:iul. admit the conclusions of Don Juan to be coiT(*ct. The 

reason of this will ap(K'Ar evhicnt on a very slight consider- 
ation. The velocity witii which the wind acts on the sails 
afler the ship has acquiretl motion is only its relative velo- 
city, that is, the excess of its actual velocity above the ve- 
locity which the shift litts acquired in the airection of tlK> 
wind. Now, when Uic directions of the wind and of the 
course of tl)e vessel coincide, this relative velocity of the 



the master shipwright of U 0 
liam, and published in the 
These tallies compose 
some of the elements of c 
and, within their limits, cai 
naval architect ; because, i 
chitecturc is a science of con., i . 
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aiiu analogies. To tbe 



reader of the foregoing pages of this article it need scarcely 
be observed, that tliere yet remain rooiiy diflicullies opposed 
to ita being peri'ected, and Uiat these can only be removed 
by a rigorous course of inductive investigation applied to 



w ind is only the dilferencc Ix'twccn the actual velocities of the results of a patient, an attentive, and, above all, a com- 
the wind and of the vessel ; but when tlie course of the petent comparison of the reported qualities end pertbnn- 
vc&scl is oblique to iliat of the wind, the relative velocity ances of ships, w'iih an analysis of (he elements of their de- 
ol (he wind is the difference between the actual velocity of sign. When (he School of Naval Architecture sludl be rt- 
the wind and that part of the velocity of tlie vcsh‘I which establii^ied, as it most assuredly will be, the exercises of 
can be resolved in the direction of the wind. Robison, in the students in tJieir calculations, and their cxpiTtments on 
tlie article on Seamanship, says, that when tlie sails arc ships, may be made available to Uiis end, by gradually ob- 
aquare to the keel, and the wind right aR, the slop’s vciu- taining tlie meliminary onalj'sis of the whole navy of Kng- 
city is in direct proportion to the relative velocity, and to land ; a work of very tar too great labour for any thing but 
the sc^uare root of the surface of the sails ; therefore, he the combined endeavours of many individuals to uccom- 
»»ys, “ in order to incrcx«c the relative velocity by an in- plisli ; and when accomplldied, of too vast extent, ami of 
crea<« of aiil only, wc must nuke this increase of sail in loo varied and too conflicting results, to be grs]>p]cd with 
(he duplicate prtqtonion of the increase of velocity.** by any but by a mind apt to conceive, to cullaie, and to 

When the sails are oblique to the keel, he says ** the generalize, and competent to submit these gcncrolixationa 
velocity of the sliip is proportional to v* S * V * sin. a ; timt to (he ordeal of strict inathcuuktical investigation. 
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Table lll-^Momenis of Sailt of Stahxlihft oruf of Sail in terms of the Stability, in Ships tohich have carried tkeir 

Sail well. 
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iJtseripiion of several Mechanical Mciltods of Desiynxny 
the liody of a Ship, 

Mtfchanical The follon'ing mcchonicat methods ordesigning the forms 
pr«M.'«a*f« of midship seclionst and of »l»ip®’ ttodics, Iwive been ptiblisli- 
f”r wriwa different English and French works on navtU orchi* 
prmdplea. Some of these arc for forming the midship section 

alone ; others are for deducing the successive sections for* 
wani and ubal^ from a given midship section. Such me* 
tiiuds of endeavouring to com|>cn&ate for the absence of 
nHH'e correct principle's on which to found the design of a 
ship, were rendered necessar) whenever the vesael to he 
built was of too large a size to admit of being conveniently 
put up by the aid of tlic eye alone ; and eonscquently ui* 
most every mereluint*bulldcr U in |x>sse9sion of some such 
empirit'd system, to enable him to tbrm a design fur a ship. 
Whether the ship built al\cr the desipt so fornied, will 
prove to be {Ms&sesscil of good or of bod qualities, dues not 
generally enter into the cxinsideralion, excepting in to fur 
ai the crude ideas of the inventor of tlie system may have 
guided him In forming it. W'c say the crude ide'O.'i, be* 
cause the builder u hose judgment is sound enough to en* 
aide him to arrange (acts anrl classify observations, and 
uhose experience has been extensive enough to hare fur- 



nished him sufficient ficts from which to deduce principles, 
will abandon all such attempts as futile, and will pursue the 
study of naval archilt'cture in the manner in which alone 
it can be studied to certain advantage, that is, as an induc- 
tive science. Ills success trill depend on his fitness lor the 
ta'i'k. 

If all the |Minciples which are involved in the design for 
a pi'rfect ship were developed, and correct results could be 
obtained by calculation on every point involved, a system 
might be formed. A system might al&o be formed combin- 
ing all the presemt knowledge on the subject ; but this is 
far from desirable; it would necessarily be imperfect, and it 
would be entailing imperfection on the future. 

M. Ikmguer, in his Traile <lu Aorire, gives four methods 
which have been u&cd for describing the midship sections Cor tnraung 
of sliips. lie observes, that in these plans the midship sec* rnnhliip 
tions are generally formed of arcs of circles ; but that gonie-*^““*' 
times, through the ignorance oftlie inventors, of the fact, that 
for two arcs of circles to touch each other witlioiit cutting, 
their centres must be in the straight line which passes 
through their point of contact, the midship sections which 
they lumted by these arcs hod not even the advantage of 
being curves, but had angles in their contour. He shows 
how this error may be avoided. The first method he gives 
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th*t of Le Pcrc Fournier. A slmiglit line A B (fift. 11 ) is 
j^-^^’drawn, whith he Ukes to represent the moulded breadth 

' Fig. 11. 

Bv Ike 
Pere Four, 
iiirr 




of the ship. A circle RANB, which has this line for the 
diameter, is then described ; and, bisecting AD in C, he draws 
the perpendicular CD, equal to the depth intended to be 
given to the vessel, wliich extends from the under part of 
the beam to the upper side of the keel. Tlirough the point 
D he draws a line parallel to AB, and, making *DG and 
DH each equal to half the flat of the floor, canal also, if so 
determined, to one fourth of tlic whole breadth, he draws 



Fig. 12. 
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parts, AV, VX, XY, YZ, Ac- drawing from 

the points of division VO, XN, Ac. perpen- Fig. 13. 

dicular to the radius AK. The depth of the > 

vcswel to the rising of the floor is divided in- j 

to the same number of equal parts ; and trans- f 

ferring to level lines drawn tnrough these last J..V. ....J, 
p^>ints of division O, N, Ac. iJie distances I j 

OS, NR, MQ, Ac. intercepted in fig. IS be- *' 
tween the radius AK and the arc of the circle AQE, it 
only remains to pass a curve ASKQFK, in fig. 12, through 
the extremities of all the perpendiculars or ordinates 08, 

Nil, Ac. and the form of half the first section is obtained. 

£D be formed by an arc of a circle touching the first 
curve ^ and joining the side of the keel at D. 

A tliird method, given by Bouguer, is for shai^ ships. Dr Doa* 
Form as before the rectangle ABIL (fig. 14), circumscrib- 



the verticals GE and HP equal to the rising of the floor. 
These may be assumed equal to the twenty-fourth, the 
eighteentl), or the twelfth part of GH. He then finds on 
Gi^ produced both ways to K and S, a point M, which he 
takes for the centre of an arc of a circle N E, that touches the 
first circle in some point N, and the straight line KF in 
£. Then with a point S assumed as a centre he describes 
the arc £0, which, touching the straiglit line KF or the 
arc NE in ^ meets the side of the keel in O. He has 
thus AN£0 for tlie form of half tlie section, and the other 
side b drawn in the same manner. 

Bouguw t Bouguer corrects this method thus : He takes £K equal 

corrcctiou. to the radius CA of the first circle, or equal to half the 
length of the beam, and having joined the points K and C 
by the straight line CK, if it bisected in L, and LM be 
drawn perpendicular to it, the intersection of this per- 
P^dicuJar witJj £K will be the centre M of the arc NE. 
r or MC being equal to MK, and £K having been made 
equal to AC or to NC, it Is evident that MN will be equal 
to ME, and consequently the arc of the circle descrioed 
from the point M as a centre, and which will pass through 
the point £, will touch the first circle in N. To determiuc 
the other centre $, bisect the straight line £0, and from 
the point of bisection draw a peqiendicular which will meet 
IG produced in the point S, which will be the centre of 
tlie arc EO. 'Fhe arcs AQ and QR are described, the first 
round the point I as a centre with the radius lA i tlie se- 
cond round any assumed centre with a radius equal to Al. 

Dr M. de Another method is for determining the midship sections 

Fuluj.. of flat-floored ships. It was invented by M. dc Paliui of 
Brest. A rectangle ABIL (fig. 12) is described, wliicb has 
for its breadth the breadth of beam, and for its height 
the depth to the keel. At £ and F, the extremities of tlie 
flat of the floor, the perpendiculars GE and HF are drawn 
equal to the rising. A line KE (fig. 1.S) equal to LG is 
assumed, and a square described upon it ; two quadrants 
of circles AQE and AXE are inscribed in tliis square, and 
either arc AXE is divided into a certain number of equal 



Fig. 14. 




ing the pan of the section below the main breadth AB; 
then tiie rising GE or HF of die midship-floor is token 
equal to a fifth or a sixth port of the flat of tlie floor GH. 
The points £ and F being determined, two portions of pa- 
rabolas AE and BF arc described, A being the vertex and 
AC the axis of the one, and B the vertex and BC the axis 
of the other. The flat of tlie floor is formed by two arcs 
of circles, the convexity of the upper arc being below, and 
of the lower arc above- Having drawn from the point E, 
EK and EM pcrpcndiculau’ respectively to AL and AC* 
describe from a centre in AC produced indefinitely towTuds 
N, the semicircle MKN passing through the points K and 
M. Then AN will be the paranvetcr of the parabola, which 
will serve to determine as many points in the curve as may 
be desired. If it be required to find a point in the vertied 
line PQ through which tlic curve will pass, it may be found 
by describing the semicircle NOP, and drawing from the 
point O, where the semicircle cuts AL, tlie horizontal line 
OQ, the {>oint Q, the intersection of this line with PQ, will 
be a point in the parabola. In the same manner any num- 
ber of points may be found. In order Uiat Uie first arc of 
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the circle of which ilie flat of the floor ie formed, m;»y not 
make an ancle with the parabola, it ia neccasory tliat its 
Centro ahoidd be situated in some point S of the [lerpendi- 
^ , ^ - cuLar to the parabola £K. To draw Uiis perpendicular, the 

fub'normal must be made equal to lialf the parameter AN. 
>Irtho(U I'hese methods are sufficient to sltow the nature of the 
mechanical systems of drawing tlie midship sections^ We 
tiw iwdy. gome of the mechanical aysterm of 

fonuing the sections of the fore and al\er bodies of slnps. 
This operation aflords a greater scope for ingenuity than 
the furmalion of the midship sections, and consequently the 
methods prt^xMed have been much more numerous. The 
principal lines used in the constniction of ships' bodies hy 
these methods are the main breadth-linea, the top breadth- 
lines, and the rising and breadth-lines of the floors. 'I'hese 
lines arc shown in two planes, a longitiHhnal vertical plane, 
and a longitudinal horizontal plane. The rising of the main 
brcadlli-linc sliows the projection on the longitudinal ver- 
tical plane of the heights above the up]>er side ol' the keel, 
at which are the greatest breadths of the diflerent vertical 
sections fore and aft; and the horizontal main breadtli-line 
shows the corresponding distances Irom the middle line of 
the ship at the respective sections. The rising of the top 
breadth-line, and the horizontal breadtli-line,sliuw In the 
same manner the heights from tlic up|>er side of the keel, 
and the horizontal distances from the middle line of the 



ship, of the dilfiTent vertical sections at the top breadth of 
the timbers. At these heights, and at these distances from 
the middle line, arcs of circles are generally described, 
which give the form of parts of the vertical sections, or of 
the frames of the ship. The rising line of the floors gives 
in tlie same manner the heights above the up|:er side of 
the keel, and tlie horizontal breadth-line of the floors gives 
the distances from tiie middle line at which the floor -sweeps 
commence. 

WboU One of the oldest methods of forming a ship's body is 

DM/uitJing. which is called “ whole moulding.* It is a method of 
constructing the square body, iliat is, all the body except 
the fore and after extremities of a vessel, wbcTc the planes 
of the frames are placed obliquely to the middle lino, by 
means of two moulds ; the upper one giving the firm of 
the timbers above the rising line, and the low er one (called 
the “ floor-hollow^) givinp the form of the timbers from the 
rising Une to the keel. 1 he midship section is first formed, 
usually by arcs of circles t and at tne height of tlie rising 
line in this section a horizontal tangent is drawn to this 
curve. In order that tliis tangent may be horizontal, the 
centre of the arc, forming the lower iiart of the curv'e, mti.st 
be in a vertical line passing tJirough the point at which the 
tangent is drawn. The lower part is iWmcd by a sweep 
which reconciles with the upper curve. Usually this sweep 
does not correctly touch the uf>{>er curve, aliliougli the in- 
accuracy is not very important in tills mcilKKl of construc- 
tion. In forming the body-plan, the heights of the main 
breadth and rising lines at the different frames are set off*, 
and the different sections drawn by Uie two moulds. On 
the horizontal part of the upper mould ABC (fig. 16) are 
marked tlic Iralf main breadths of the diflerent sections, os 
shown at C. and on the upper part of the mould their 
heights, os at A { the low'er mould D£F is also marked 
where it meets the side of ilic keel at the different sections. 

In moulding any timber, a square, called the rising square, 
with the heights of the different risings of the timbers mark- 
ed on it, is used, by which the moulds are set according to 
the particular timb^ the form of which it is intended to 
obtain. On this square are also frequently marked the 
bcigfits of the cutting down, by which the form of the in- 
side of the timber U Stained at the same time. Tlie op>e- 
ration of moulding a limbt*r may be best seen by reference 
to the figure, where the moulds and rising square are set 
for moulding the lower futtock. No- B. 



Fig. 1 5. 
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In Duhamers Element de P Architecture NticaUf there Mi-tfacKl Uy 
is a French method, nearly resembling this, of ^ whole Uuli.tuH’i. 
moulding." 

In Mungo Murray's Treatise on Ship-building, a method By Mango 
is given for forming a ship's botly by the use ot the sector. Mum*). 
This instrument is formed of two scales connected by a 
hinge, so as to 0 {>en and shut like a common rule. Seven 
lines are drawn on each leg of tlie sector from its centre, 
divided at numerous points, indiciUing lengths which refer 
to differents elements of the body. The marks on the cor- 
n^ponding lines on the two legs of the sector refer to the 
same distances. 

The lines on one side of the sector are divided for the 
fbre-b«Kiy, and on the other for the aficr-body. Tlie man- 
ner of using these lines is thus described. ** 'l*lic general 
dimensions being determined, and a scale adapted to the 
drawing, take the half breadth will) a pair of compasses and 
placing one foot in the proper point for the half breadth of 
the midship section, which is shown on one of the lines 
open the sector till the other fool reaches to the same point 
in the corre^ionding line on (he other leg." 

The sector being tliiis set, the diflerent distances are 
taken by the cump^tascs from the corres^xinding |K>iuts mark- 
ed on tlic corrt'sponding lines, and tel off* in the differeut 
plans. 

It is immediately evident that, by the use of the sector at 
described, all stiijis constructed by it would be similar to 
that acewding to which the distances w ere marked on these 
lines. Ifit is required to form a fuller or a sliarper boily tluin 
that by which the line's of the sector were divided, tile mid- 
ship section, writh the foremost and aflc'rinost sections, must 
be determined agreeably to the will of the constructor; and 
the intermediate sections will be determined on the diago- 
nals by setting the sector separately for each diagonal, and 
then taking the distances from the lines as before for the 
formation of the diflerent plans in the drawing. 

The next metliod of constructing ships’ bouies which we By Bou. 
sliall give is dcscrilicd by Buuguer; tlic diagonals in (hisguer. 
mc'thod arc formed of arcs of ellipses. The midship sec- 
tion is formed at will, and the extreme sections, forward 
and abafl, are formed in an arbitrary relation to the mid- 
sliip section. To form the aller-body by this method, let 
ABC (fig 16) represent the midship section, FED the 
after section, and BE the projection of one of the diagonals. 

Describe tlic arc of a circle BA (fig. 17) wliose radius is 
equal to three times the line BC (fig. 16), and whose versed 
sine BC is cqtud to BE. Diviue Uie sine AC into any 



Digiiiicd by Google 



58 



SHIP-BUILDING. 




which wUl give poinU in which the inlermecliate sections 
will cut the diagonal BE. The other diaronals ore divided 
aimilarly by taking any point O in AC protniced (fig. 17), and 
joining OB, 01, Ac. and placing the projection of any dia> 
gonal aa PQ parallel to BC, and with it» c^ctreme poinU in 
OB and OC. Some constructors prefer dividing each dia- 
gonal separately, by descTibing arcs of circles BA with dif- 
ferent radii ; others, instead of dividing the sine AC into 
equal parts, divide Ute arc AB into equal parts, and then 
proceed as before. 

The fore-body is formed by nearly the same means, but 
M always made fuller than the afier-body. Let Abe (fig. 
16) represent the midship section, and Aed the extreme 
section forward ; produce the projection of the diagonal be 
to meet the middle line of the body-plan in /. Describe 
the quadrant of a circle 
BA (fig. 18) with a ra- Fig. 18. 

dius equal toy& (fig. 16), n«p « 

and draw the sine DC • ; r 

equal to and parallel 
to FB. From a point E 
in FA produced, descril>e 
an arc of a circle, with a 
radius equal to once and 
a lialf or twice FB, ac- 
cording as it is intended 
to make the fore-body 
fuller or shar^jer, meeting 
CD produced in G. Di- 
vide the arc FG into as 

many eoual parts as it is \ I I I / 
requirefl to find spots on >. t I i . 

tlie diagonal be, for the in- 
termediate sections; and 
from the points of divi- * 

sion H, I, draw HM, M's. 

I.\, Ac. porJlel to BF ; 

and draw 1*1, 02, Ac, pa- ® 

raJlel to FA. Then transfer BF, so divided, at I, ^ Ac. to 



Fig. 20. 
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7 to B be at least equal to the distance between the ver- 
tical sections on the plan of elevation. Describe on AB 
tlie equilateral triangle ABC, and join Cl, C2, C3, Ac. 
The use of this triangle is to divide the projection of the 
diagonals in the body-plan proportionally to the divisions 
of the base of the triangle .AB. 

In the plan of elevation, or sheer plan, take the distance 
between any two of the vertical sections, and place DE, the 
line representing this distance, parallel to AB, and so that 
its extremities may be in the line* C7 and CB. Produce 
DE to F, and fake the horizontal distam'C from tlie inter- 
section of the projection of the diagonal with the vertical 
section 7, to a’here the projection of the diagonal meets 
the projection of the after fashion-piece ; and place tliis 
distiuicc DG on DP, keeping one of its extremities in D ; 
then join CG, and produce it to meet the base AB pro- 
duced in H. Take the projection of this diagonal La the 
body-plan IK (fig. 20) from the 
roid^iip section LI M to the f^ion- 
picce NKO, and place it in the 
triangle parallel to the base AB, 
and witli its extremities i and k 
in CA and CH ; the lines Cl, C2, 

C3, Ac, will divide the line pro- 
portionally to the divisiont of the 
base of the triangle .AH. Transfer 
this line so divided to it* place in 
the body-plan: the points 1, 2, S, 

Ac, will give spots tnrough which 
the intermediate vertical sections 
will pass. 

Some who have used this me- 
thod of furming ships* bodies 
placed the prcMcetions of all the 

diagonals paralfel to the base of the triangle ; others placed 
them at dilferent angles with the base. Duhamcl recom- 
mends their being placed as follows. The projection of the 
lower diagonal rqjresenting tlie floor ribband parallel to tlie 
base i the projection of the second diagonal at an angle of 
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C<«pcwn • (50® giy with that part of the aide of the trUnglc above the 
l^ra^c projection of the diagona) ; the third at an angle of ; 

fourth at an angle of tt6* ; the fifth at an angle of 63® ; 
and the projcxrtion of Uie sixth or top<*brcadth ribband at 
an angle of 60®. 

To construct the fore^body, a nearly similar proccas is 
adopted i but the base of the triangle is ddferently uividedt^ 
generally in a geometrical progression whose comnton mul- 
tiplier is 2. Ihe divisions of the bases of the triangles, 
however, are altogether arbitrary, as well as the angles of 
inclination at which the projections of the diagon^s are 
placed, for both tl»c fore and after bodies. 

Objectiont These are some of the most esteemed mechanical mc- 
of of constructing the midship sections of shi|)^ and the 

fore and after bodies in relation to them. The inspection 
of them already shows that there is no attempt to describe 
a form which is proved to possess any property conducive 
to the good qualities of a ship. In forming a midship sec- 
tion by arcs of circles, it has been said that this figure has 
been chosen because a circle contains the CTcaiest area un- 
der the least periphery. Supposing even that this principle 
were introduc'ed into the form of a midship section, which 
is, however, frequently destroyed by the u»e of several arcs 
of circles, it by no means establishes the propriety of using 
the arcs ^ circles in the construction of the form of a mid- 
ship section, because it would first l>c mcessary to show 
that it would be a good property for a midship section to 
contain the greatest area under the least |xriphery. In 
fact, the principles of naval architecture require a contrary 
practice ; a flatness is requisite in some parts of this section 
instead of rotundity, to give lateral resisiAnce, great stabili- 
ty under a given area, and fine water-lines. 'Fhe use of the 
ellipse is equally arbitrary. Little can be said in favour of 
either of the methods of designing bodies which we have 
described, nor need any thing be urged against them: it will 
evidently be perceived, that they are the resources of per- 
sons who are called upon to give designs of ships, and who, 
being ignorant of any correct data on which to fc^m their 
design, are necessitate to adopt some such system of con- 
struction that they may designate as thetr thewy. In no case 
do We find that those who have piblished systems such as 
the foregoing, attempt to prove that shi{>s built after these 
•ystcms are in consequence good ships j the utmost assump- 
tion appears to be, that by proceeding with a drawing after 
the course laid down, the result will be the design for the 
body of a ship. All such metliods arc to be deprecated, as 
l>eing mere empirical substitutes for knowledge, and be- 
cause they not only oppose a barrier to legitimate attempts 
towards improvement, but they actually prevent the appli- 
cation of such knowliiigc to the designing of 8hi|)s’ bodies 
as may really be possessed. If we look upon systems for 
tracing these curvtw merely as aids to Uic well-informed 
naval architect in the fommtion of his drawing, they cease 
to be objectionable, and become mere mechanical means in 
his hands, which he can use or vary at pleasure, for the 
purpose of facilitating the mechanical operutinns incidental 
to the designing of a ship. 'l*hey are also necessarily in- 
troduced into tilts article, as forming an essential feature in 
the progressive improvement of naval architecture. Me- 
chanical methods of constructing designs for bodies followed, 
DO doubt, immediately upon the method of constructing them 
merely by the aid of the eve, and they continue lo be very 
ncrally used in the mcTc^iant-scrvice, and may, no doubt, 
reckoned among the causes which have operated so in- 
juriously to the interests of our mercantile navy. 

Chapman t Ejeponential and Parabolic of Con- 

$trtuiion. 

These were described m the last work of the celebrated 
Swedisl] naval au'chitect Chapman ; it was published in 1 606. 
The parabolic system must be classed in this division of 



our subject, as among the mechanical methods of designing Chapuan'* 
the forms of ships, tliough it is so incomparably beyond all 
tliose plans which we l«ve previously uescribed, that wc 6y>ttfio. 
shall devote some space to a detailed description of it. The 
Swedish work, until translated by the late Mr Morgan, axrurkuMs- 
mcrober of the School of Naval Architecture, in the Pa-Ut«lin 
pers on Naval Architecture, was only known to English 
ship-buildert as Chapman’s “ large.work a name acquired °° 
in consequence of a large folio of plates that accoro- 
panics tlie letter-press, which is in comparison not very 
voluminous. 

From this translation, and from a paper on the tame 
work by a Swedish naval engineer, Captain Carlsund, un- 
fortunately for the science of naval arcnitecture, also dead, 
wc shall give a synopsis of the system of construction at 
present adopted by fhe northern powers of Europe. 

Chapman commences his investigation by assuming aCriirrion 
case, w’hich he presumes may be taken as a criterion of the 
qiuilities of shij^ This case is an engagement between^*"* 
noslUe fleets. These he supposes to be ranged in lines pa- ^ 
rallel to and within gunshot of each other, and also in such 
a direction with respect lo the wind that tlicy lie within 
six points of it, each succeeding ship sailing in the wake of 
the ship a-head, about fifty fatiiotns apart, in a stiff top-sail 
breeze, and under the three top-sails, top- gallant sails, fore- 
topmast stay-sail, jib, and driver. They are supposed, when 
under these ciraimstances, not to incline more llian seven 
degrees, and must be c^wblc of fighting tlieir leew ard lower- 
deck guns willi a heavy sea running ; be good sailers, and 
work well to windward ; so tliat although the ships may be of 
different lizi's, and carry different weights of metal, yet, in 
equally high winds, and under similar sail, their angles of 
inclination l>eing ntnrly the same, their guns may be w orked 
with equal convenience, they may be all equally efficient in 
point of velocity, and under all circumstances manoeuvre 
with equal fiicility. Cho{>mAn tlien says, of two hostile 
fleets 0 ]i{>oscd to each other, the fleet which is composed 
of iIh.' sUii'L*st and best-soiling ships is master of tlic attack, 
and can begin and end it at pleasure. Ilut that, as the ope- 
rations of many such ships togetlier, although of diflerent 
sizes, sliould at once produce the same effect as if they con- 
stituted but one machine, it is necessary that they should 
keq) in com^iany, and be effective in projx>rtioo to their 
site. As they must sail equally well, the area of their sails 
mtisl !>e proportional to the resistance they exiieriencc from 
the water ; and as all the guns must be used and worked 
with like advantage, their inclination must be nearly the 
same, so that tiic form of the shijis below the water w ill be 
in some degree adapted to the same area of sails ; hence it Ship* and 
is found, tliat when a ship of (he line is to be constructed, t>e 

the body of the ship ana the sails are to be considered 
constituting the ship. Cha])nian points out the difficulties 
which oppose themselves to the designing bodies w hich are 
thus to act u^ether, beyond those w hich present themselves 
in the cose of designing ships intended to sail and act 
singly ; and he observes, that although all tlie rules of art 
may be attended to in the design of a ship, it may Iiappen 
tiiat she will not behave well, and this for the following 
reasons : If the sails are badly cut and made, so that tlie 
wind is prevented from producing its full effect on them, by 
which not only the sailing close-hauled is injured, but also, 
the facility of working, ami consi-quenlly of luonceuvring, 
is diminished ; also, that the behaviour of a sliip under suil 
may be very niudi deteriorated os regards her Weatherly 
qualities, and her ease and quickness of working, if all tlie 
sails arc not set advantageously, both in respect to the di- 
rection of the wind, and also of tlie ship's course. And, Trim a 
again, it is absolutely necessary that great attention should skip, 
be paid to the trim of the ship, and to Uie adjustment of the 
positions of the masts, which have a great enect on a ship’s 
qualities. Such, he says, are the reasons why it so frequent- 
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rfmpnmn** ly happens, that a ship may in one voyage possess very bad, 
r»mbolic j|^ another very good qualities, or at one lime be a very 
. ^ jii^j nj another a very good sailer. 

^ The natural inference from this is, that although the form 

of a ship should be that which is the best adapted lor all 
tfiat may be necessary to the service fur which she is in- 
tended, it by no nteans follows that such aship sliall realize 
the intentions of her constructor, unless she be equipped 
and commanded by persons equal to tlie task of properly 
developing her qudities. 

Eronomy Hq (Jj^n proves that, by assuming the load displacementa, 
crew and provisions as the expense, and the weight of 
«*idhes >7 ® round of shot as the effect, that it is the greatest economy 
luctd. *0 largo shi|« and heavy metal. Hefteating the ob- 
st-rvation already made, that all ships forming a )ine-of> 
battle, altliough of difierent sixes, must act os (torts of the 
same machine, and must consetmently have the same qua* 
lilies, which cannot be cBecteo if the ships be similar, it 
follows that tlic rules by wliiclt they arc designed must be 
of such a nature tluit they shall be capable of giving simiLir 
qualities to dissimilar shi[>s. 

DUpNre* lie says the displacement is dc[>cndcnt wholly on the 
iiKMJt de* total weight of the armament, and then considers the va- 
l-vi-denton items making up the total dUpbeement. It consists 
uriuainenu weight of the arnianicni, and of every thing connecl- 

cil with it; then the weight of the ballast, which is in pro- 
Ujllsvt. (fortiun to the amtament. Ballast, he sa)s, U nect'ssary for 
a ship of the line, in order to preserve its qualities at the 
end of a long voyage, when Uie greater part of the provi- 
sions and ammunition will liave been cunsuraed. Also, as 
these weights are so considerable that the ship may be 
lightened to such an extent that her centre of gravity may 
not only rise a foot higher above tlic water from this dimi- 
nished immersion than it w as at the commencement of the 
cruise, but will rise bo much the more from the influence 
this diminution of the weights in the hold will have in ele- 
vating its ((osition, the stability Ualso nt^ressarily diminish- 
ed. It is therefore proper, in order that this loes of stabi- 
lity may not be too great, to liave such a quantity of bal- 
last that tlie renwining weight in the hold may not be loo 
little in relation to the constant weight above the water. 
AnJ also, he says that (he consideration that a ship neces- 
aarily liglilens from tlie consumption of stores, renders it 
necessary that all tlie calculations which relate to her sta- 
bility should be made in relation to a water-line, assumed 
as that whicli she would have after the expiration of about 
a (piarter of the cruise ; and it should be from this water- 
line that the masu, &c. should be determined. 

The next component of the displacement consists of the 
provisions, which are in proportion to the crew, and there- 
fore to (lie armament ; and, lastly, the shi(>, with her nioaU, 
yards, rigging, anchors, cables, hUtng, &c. &c. 
l.^nKthsnd Having detenuined the displaci'tuent required for the ar- 
Ut-.Kitb. mainent, the next eonsidcTOtions are the length and breadth. 

These have hitherto been determined by tlie number of 
(Mins, the space between them, and the space forward and 
Ai\ ; but they should be determined from the dis|ilacement, 
hir the product of tlie number of guns into their weight 
determines the displacement, therefore the displacement 
determines tlie length. If the length resulting from this 
be consiitcrtd too great for tlie number of ports, it is be- 
cause the sum-total of the weights of (lie guns being given 
nml constant, it follows that if each gun be of greater weight 
of metal, tlic number is smaller ; and if each gun be of less 
weight of metal, tlie number is larger; but the length of 
the ship is nevertheless tlie same. 

It appears that, from experiments mode in Sweden in the 
year 17U4-, it was determined that the effect of the water 
on the after -end of a body, in opposing iu progress, U a mi- 
nimum when the surface of tlie body mdees an angle of 
iT with iu middle line, and tJut consequently Chap- 



man designed tbe oAer-bodies of his ships in accordance Cbaptr^t) • 
with this result. 

In order to form general rules, according to the exponen- 
tial sVbtein, for deducing the length and the breodln from 
the (iisplaccment, he (irocetded in the following manner. ruW 
The greatest breadth at the water-line for oU line-of-batUe lenirYh nnS 
ships is called B ; and the length of the ** construction hvcsdili. 
water-line, ** which term will be afterwards explained, U 
colled /. Then, he says, ** designs of two classes of ships 
composing the line-of- battle were t'onstructed with great 
care, and the following table fornietl.” 



r>i«plsccmcnl, D....... . 

I.engtb, 

Urestlili, B 



' 110 


94 


CO 


152R7J 


I2K2U7 


88722 


2«7'69 


198 *i6 


176-48 


68-27 


63-32 


48-48 



In finding the length / from the displacement for all ships 
of the line, the ships of ninety-tour and sixty-six guns have 
been used. But therdore 12H297 = D, and 8b722 = />, 
also lOO'Uo s 1 and 175'<ltt = /, where it will be seen that 
the Komaii characters arc uied for the larger ship, and the 
Italic for the smaller. Then from tbe foregoing reason- 
ing the i'uliowiiig prcqxirtion is deduced, lliat 
U’ : i> : ! 1 : 1 ,* hence 

log. I — log. I 
<heexponm» = ,^ 

^ log. 1 9(1 6.V — l o g. 1 

"■ log. — log. 84i7sii 

igc-b.'i 2-2ySI»H40 mm 5-I0fi2I65 

1 754b 2*244227d 8S722....,,... .4-9*803 1 3 



0-049IGG4 



0-049 IG64 
= 0-30K8 = V 



O1601S52 



0.1601852 * 

2-2030940 

5- 1 082 1 65x0-3088 = I -5774 1 72 



1^7162768. ,.5-2033 = thcco-cfficicnt. 
2-244-2276 

4-9480313x0-3088 = 1-5279520.. .5-20:43 = the co-efBcienu 
'Hms the length I = 5‘2U33 !>» ■>** ia obtained for all 
the linc-of-battle ships. 

To find tlie breadth B from the length I for three-decked 
shim the same method is used. I hua, tlic exptment for 
, .. log. 56-27 log. .53-32 

110 and 94. gun ah.p., r = _ I„gri9?51 

:r 0-9947 j and as the co-efficient is found to be a divisor 
= 3’584i3, the breadtJi B for all three-decked ships of Uie 

/&SW7 

'''■' = -S5565' 

To find the breadth B from tlie length I for two-decked 
shitis. The exponent r of sliips of 94 and 60 guns, 
log. 53-.S-2 — log. 48-46 . . _ 

= . -n - — 7 , - . --T = 0-8391 ; and as the co-effi- 

log. 196-65 — log. I 7 o-48 

cient is a divisor = 1*5767, the breadth B for all two-deck- 

/ 

ed shi|is of the line = ^'lucb tlie fol- 

lowing table is calculated. 



74 



667d3 

160-74 

46-01 



Displacement, D » l6‘iB76 128267 11*7400 9642S 1 88732 

length,/ 2U7-.H) 196-66! 18616180 0.5 |l78-48 

Dresdth, B <s< 66-27 43*S2j 60-0-2 49 61 I 48 4G 

I 1 . i.. I ! 

Having explained the melhoil of determining tlie prin- 
cipal dimensions, w e shall refer for a description of the pa- 
rabolic system of construction to tlie paper we have already 
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mmtionrc] a< having hoen written by a Swedish naval en> 
ginciT, Captain, then Lieutenant Caj^imd. It sa)s. 

Chapman endeavoured to discover whether or not the 
areas of the several transverse sections in welhconstructed 
ships followed any law { and if so, to hnd that taw. For 
this purpose be calculaied the areas of the seettong of se- 
veral ships ; and in order to moke tlie numbers more conve- 
nient, he divided these areas by the breadth of the midsliip 
section ; then, at their rcapective stations on the draw ing, 
setting olT from the water-line, distanct's equal to the quo- 
tients, he traced a curve representing tlie areas. This 
curve he called the curve of sections. lie then endeavour- 
ed to find the eqiuition to the curve, or rather that of ano- 
ther curve which would coincide with this for the grealeot 
length ; and he found, that if the power and {uranieicr of a 
|Mral)ola were so determined as to allow tliat curve to {loss 
through tlii^ given jioints of the curve of sections, the two 
curves a'ould nearly coincide. In the lure-body the three 
points were taken ; one forward, one at the miiUhip section, 
and one midway between. In tlie afler-iMKiy the points 
were similarly situaterl. In sonic ships the exponent to the 
curve was higher in the aflcr-lwMly than in the fore-body, 
in some it was the same for bt^th. It was olto found that 
there were shifts in which the curve of sections almost ex- 
actly agrt'ed with the {waholo. and Uiese siiqis invariably 
bore excellent characters. Chapman consequently con- 
cluded, that if tlie areas of the several sections of a ship 
were made to fullow the law of the .oliscisMas of a paraliola, 
a vessel possessing good sailing qualities might be formed, 
and the process of constniction much simplified. 

This account shows that the method is applioiblc to all 
sorts of constructions, as it only reqtures that the relative 
areas of the sections shall decrt'nse from the midship sec- 
tion towards the extremities in a certain relation, which 
can be varied to infinity; it Is iliercfure equally useful in 
constructing tlie sharpest man-of-war os tlie fullest mer- 
chant-man. 

Suppose a ship is found to answer well at sonic given 
water-line, AC (fig. 21). l.et the areas of the transverse 



Fig. 21. 



,e . 
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vertical sections be divided by some constant quantity, as, 
for instance, the breadth ; and suppose the distances o6, 
fit, Stc. equal to the quotients, to be set of!‘ on the res[>ec- 
tive sections from the water line; then a curve drawn 
through the points A, d, &e. will be the curve of sections. 
It will be found to be convex to the water-line at tlic ex- 
tremities- 

'I he order of the parabola whidi coincides for the great- 
est distance witli this line may easily be found. 

TnBndihc Let the general equation to the parabola be expressed 
••...tmitat- by y = ojr; then it is always possible to determine n and 
ina p«r». a, to that the parabola shall pass through two {Hunts besides 
the Vertex. Any two {xiinU between b and C may be taken, 
but it is evident that the farther apart the three jioints are 
taken, the longer will the parabola coincide w itli the line of 
sections. Of course, neither fioint may be in the convex 
part of the line of sections. It will be found that tlic p>int 
g at the foremost frame, and h in the middle between g and 
A, are the points which should be taken. 

Draw a tan^mt to the curve at the {x>int A, which will 
be parallel to the water-line ; tlicn mA and ng are abscissas, 
Am and An urdioates to a {Mrallcl passing tlirough A, A, and 



ho la. 



g I put niA zr x', ng = o'*, A« — snd Art = y ; then, gub-ritiBpmsn’f 
stituting these values in tlic equation to tlie parabol^ we 
have .. 

y* =r ax', and = az'\ 
or n log. y =: log. a q- log. x*, and 
n log.y* = log. a + log.x* ; 

, log. jd — log. X* 

hence n s-y-T — 

log- y — log- y 

“=y- 



, , log. y • log. y - 



log.x^* log..y 

i"Jy 

We have now the values of m and x, and by calculating 
several other absdsisus, we can trace the parabolic curve. 

The same o|)craiii)n a|)plie<i to the after-body will give 
the exponent and {lanimeter of the {larabola, which is tlie 
most similar to the curve of sections in that body. 

It genrndly happen* that the exponents are nearly the 
aarm- in both bodies, if the place of the midship section be 
determined in the manner to be shown in the setjueL 

it will be found that the parabola and the line of sections 
very nearly coincide, the former being sometimes a little 
within the latter between g and A, and without at the fore- 
side of A, and sometimes, but much more seldom, the con- 
trary. The jiarabola always cuts tlie water-line at a short 
distiincc from the rabbets, this distance being rather great- 
er Ibnrard than abaft. 

Several American shifis of war have been submitted toThitsvs- 
this method of investigation, which was found to answer lv*n«prl«*d 
very well with their bodies. Indeed there can be no great 
deviation, as the jiarabola varies according to its exponent^ 
and parameter ; if the ship is full, a large exponent achipts 
it to iliat shajie ; and if the ship is lean, a small one. If 
the body has a long straight cd* breadth, and shaqx'ns qiiick- 
iv ut the extremities, by deducting a jiart tn middiips from 
tlic comjHurisoc, the sviitcm may still he applied ; or if, os 
is the case generally with English merchant-shijis, there U 
a very great draught of water in proportion to the breadth, 
by dt^ucling a part from the waU-r.l'me downwards, tliis 
methot! may be applied to the remainder. 

From this reasoning, it a{)|H-ars that shijis may be con- 
Aructed to coincide exactly w'ith the parabolic line, with- 
out deviating from the forma which experience has proved 
to be the most conducive to giving shins good qiudities. 

Cliapmon stated that this would most probably be sujierior 
to the old system, and tlic result has confirmed his state- 
ment : for shijift of the line, frigaU's, and mcrchant-men liavc 
been constructed at\er it, all of which have been very fine 
v^Meli. 

From the manner in which the curve of sections is form- DispUre- 
cd, it follows lliat its area multijilied by the breadth ts equal uietit. 
to the displacement, and tlial the centre of gravity of the 
area is in the same transverse section us the centre of gra- 
vity of the body ; but the area of this curve, sujqKising it 
to be a jiarabola of a certain jiower, is a known part of tlic 
rectangle formed by the greatest ordinate and the abscissa; 
hence, by making the areas of the sections decrease in the 
ratio of the abscissas in (he jiarabola, we obtain certain 
equations between the Quantities. To find Uicsc equa- 
tions, siijijxise the jioraliolic line, now also representing the 
line of sections, to be ACU (fig. 22), cutting the waief- 

Fig. 22. 
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Ciitt{>maA‘i line ftt fomc distance frora both rabbets ; let C be the place 
rtf (hg midahip section, and DC the greatest abscissa. Put 
^ eicponent of the parabola be- 

fore and abaft s n, and the dispUceraent = 1) ; then the 

area of tlie parabolic line BD ACB = — ; • I' <L and the 

» + 1 



displacement — ^ /*d*B (B representing the breadth); 
»* + 1 



but </B = area of tlic midship section; hence /* 

* ** + I 

(area (f mid^ip section) sr D (I). 

Mid^p I^l E be the middle point of the water-line AB, which 
may call the construction water-line, F the place of the 
(STe^lu of gravity in point of length; let ED, the distance 

the midsh^ section is before the middle oS the water-line, 
= k, and £F, the distance the centre of gravity is before 
the middle, = o. Wc will now determine the place of the 
midsiiip section in rcierencc to the situation of the centre 
of gravity F. 

As BCD represents the displacement of Uie fore-body, 
and CDA Uiat of the after-body, the moments of these two 
parts will give the common moment. 

The centre of gravity of the parabolic area is at a dis- 
tance ftom tiie abscissa DC 



n I 

= a ' . X the ordinate DB, 

c n 4 

and for tlic parabolic area DCA it 
= DA. 

2fi + * 

The moment of DCB from the point E 

and the moment of DCA from the same point 

But the areas DCB and DCA arc proportional to DB and 
DA, and the sum of the above momenta = EF * BCA, or 
a 'If I representing the area ; hence 

al = (i + JL±J Dn)DB--f.!LLi.DA — *^DA 

V ^ iJn + + y + ♦ / 



= - .1;^ (DA> - OB’) + * (DU + DA) 

= (DA + DB) • (- (DA - DB) + *) ; 
but DA — DB = 2Af and DA DB = /; hence 

n+2 

orA = a-(« + 2) (2). 

That is, if tlie midship section DC is plac^ at such a dis- 
tance A from, the middle point of the construction water- 
line, the centre of gravity will be in the point F assigned 
to it. 

These two equations (1 and 2) form the principal fotin- 
dation of the parabolic method of construction. In the 
first equation, any quantity may be known by assigning 
values to the others; and in the second, by fixing a value 
for the diatAr»ce of the centre of gravity before the middle, 
the place of the midsliip section will be known. Then, 
having by tlie first equation found tlic exponent of the pa- 
rabola, any abscissa GH or KL may be calculated. Sup- 
pose, for instance, GH to be required; then in the first 
assigned equation y* saXj n is Icnowm ; also y and j: are 



known for a certain point B, through which Uic parabola C^pman • 
p«u«es; the value of y for this point U DB, and of x is 
DC. This gives ^ 

DB» 

“=w 

= (by cutting DB =/)-^....(3). 



Now GH is easily determined in the above equation, by 
assigning a value to CG ; if CG or any other ordinate is 
ex]ircascd by y', the corre^nding abscissa GH = x" is de- 
termined by the equation 




This equation is sufficient for calculating the areas of all 
the sections for the fore-body ; and for those the after- 
body we have the equation (3), in which, by substitut- 
ing y for DA, we get the value of the parameter tf of 
the parabola of the after-body ; and substituting this value 
for a in equation (4), and giving to y any value CK, a 
corresponding abscissa LK is obtained. And in the same 
manner as many may be found as may be thought pro|>er. 

It is evident that GH and LK must be subtracted fitun 
the largest ordinate DC, to give G'H and K'L, which re- 
present tlic areas of the corresponding sections. 

Tills method of first calculating the abscissas, and then 
subtracting them, may appear indirect, as the true lines 
(jH and K'L could have been obtained at once by trans- 
forming the equation of the parabolic line to another, be- 
ginning at the point D ; but it would then have lost its 
simplicity, and the calculations would not have been easier 
than by this method. One thing may, however, be done, 
which is to substitute the area of the midship section in- 
stead of its quotient by the breadth, by which the whole 
areas of the other sections will be obtained, instead of the 
lines which represent them. 

The principles of the parabolic method being now ex- 
plained, it will be easily seen how very useful its applica- 
tion is to the comparison of all ships, whether tl>cv were 
constructed with or without reference to it. 

By referring to equation (1), we find that the displace- Exponent 
ment, area of midship section, and the construction water- 
line, beine known, the ex|>oncnt of a ]>araboIa that coincides 
most ncany with tiic line of sections is easily found ; and we 
sludl have (putting M for the midship section) the value of 

" = /5U::i) 

This value of n shows the degree of fulness of the ship. 

The parabolic method may also be applied to show the 
relative fulness of the midship section, of any of the u atcr- 
lines of the displacement with respect to the water-line, 
and of several otlier elements. 

IvCt ABC (fig. 23) represent 
EF be a tangent to tlic curve 
at the point of contrary flex- 
ure C ; (he small area ECD 
not being erf* any importance, 
may be neglected. If the 
midship seetkm b at all si- 
milar to those usually given 
to ^ips, a parabola may be 
assigned which shall pass 
through the points B and C> 
and have nearly the same 
area with the midship sec- 
tion, and also nearly coin- 
cide with the curve, so that 
Uiecxponent will afford means 
of aacertaining its relative fulness. 



a midship section, and let Exponent 
of midsbip 

Fig. 23. 
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I hapmaa’i Cftll the brcoilih of the wAter'Iioe AB — iB, the depth 
AE = h, and the area ABE = and let m bo the ex- 
_V poneot of a parabola having the Mitw area; then 

Kiponmt — 

trf the mid- w ^ I * 

, IM M 

oo^ = jTif:rp = 

In the same manner, the cxpmient may be found for the 
water-line, by suppo«ing a parabola witlt iu vertex a« the 
greatest brcadtli, and pas&ing through the points in which 
the walor-line cuts the mid«lle line. 8up|)o»c the cx|HmL‘iit 
of U)i» parabola =r r, the length on the watcr-Uno = L, and, 
as before, the breadth = D ; also let Uio area of the water- 
line = W i then 

Exponent ^ ^ B * :s ^ , 

ot'the wa- T ^ 

t4£r-*ectioii. , W 

~ BL — W 

Lastly, suppose the areas of the several water-lines, from 
the toad water-line downwards, to decrease in the propor- 
tion of the absdasas to a parabola ; and let the exponent 
= a, the depth from the water-line to the tangent of the 
midship section = A, the displacement = D, and the area 
of the water-line = W j then 

Exponent - • WA = D, 



The following tables are given as an illustration of this Chspm»n» 
method, in its application to English ships. PsnitKilic 

* Syrt4*m. 



L«*th 
M the 

bM. 


— 

BrfwHh. 

extreme. 


Oe^lhenai 
thi- Water- 
line tu Itn- 
lover ectee 
%j( itte Mid. 
bet. 


Di,rl»re- 

iiKni. !»!• 
ekiftinc Uk 
eUak. 


Are* of 
tbe Load 
W'Ater- 
MKtlea. 


Am ol 
Uw Hid- 
tbip S«c. 
twn. 


rnH. 
20:i3 
1 nto3 
157*0 


Feet. 
53*5 
49 0 
41*9 


Feel. 

23-S 

19*8 

IG-O 


Cub. Feet. 

icainx 

lOSM* 

55807 


Sq Feet. 
KN)27 
77U6 
5U5G 


Fmc. 

1099 

791 

610 



Then from the equations (a), (5), (8), and (7), the fol- 
lowing results may be obtained 



VkiiMoTa, ! Valueo/M, VthtPtttr. I VxhMnr#, Vpl^bon 

the K&po(mit I ltr« CkpuArtu ih* ibeRiLtMinMt Ine <^v»* 

ofihe I4»« I ofihe Mui. oCth«W«ter* temtnEno* 

efSectiom. khip SecOone. ! )me. | pUccisetii. «b{p> 



Nelson...... 

BulttsH:.... 

Kjhlymion.. 



By calculating these different exponents for shine already 
built, and which have been found to poesess good qualities, 
a very correct idea of their shajx? will be obtained, which, 



in m^ing new constructions, may be referred to ; and aHcr 
a very short practice the ctMistructor will bo enabled to de- 
termine, not only the principal dimensions, but the outlines 
of the body, before a drawing It lH*gun. 

A collection of such caiculatiunt wax bt^in by Chap- 
**man, and has since his time been considerably augmented. 
W e now therefore know what tlie value of the exponents 
ought to be in the different classes of ships, for the services 
to which they are destined. It is always found that large 
ships are ftUler than small ones, and in consequence have 
larger exponents ; and that merchant-mcn have larger ex- 
ponents than men-of-war of (>4001 size. 

The exponent of the line of sections In the Swedisli na%7, 
in »hi|is of the line, varies from 2*5 to 2*7 ; of the midship 
section, from f> to 3*8 ; of the water-line, from 6*6 to o*9 ; 
and of the disfilacecnent, from 2*2 to 1 *8 ; of course the 
larger exponent belongs to the larger class of ships. 

lu frigates, sloops, and brigs, Uiey are smaller ; the ex- 
ponent of the line of sections varies from 2*3 to 2*1 ; of llic 
midship section, freun 3 to 1*9} of the water-line, from 5*2 
to 3*25} and of the displacement, from 1*6 to 1*25. The^ 
exponents show that small ships have much larger dimen- 
sions in proportion to their displacements than large ones. 

The above results were obtained from tlie displacements 
and breadllts, not including the plonk } and tlie length is 
thst of the construction waler-Unc, which, in Swedish idiipa, 
is ^th less than the whole water-line between the rabbets, 
Atlu of which deduction U made from forward, and -j^ths 
n*om afl. In finding the exponent for the water-line, its 
whole length between the rabbets is taken. 

These calculations are equally-applicable with the plank 
on as with it off; in the first-mentiuned case, Uie sections 
near the extremities will have, reliuively to the midship 
lection, a larger area, and there will therefore be scarcely 
any liollow- at the ends of the curves, and it will not be im- 
proper to take the length of the water-line the whole length 
betwexm tike rabbets. 



From this table of exponents we may judge with cer- 
tainty of the sha})e of the vessels. The Nelson, for instance, 
has a very lull midship section, and an exceedingly full 
water-line} but she U not relatively so AiU towards the ex- 
tremities as tlie Bulwark, and her displacement is not re- 
latively much fuller than that of the Bulwark. The Bul- 
wark has a small midship section, is full towards the ex- 
tremities, and has a very large watcr^ectlon in proportion 
to her displacement. The Endymion is a very sharp ship 
of her class, has a small midship section, is ratber clean to- 
wards the extremities, but her water-line is not very sharp ; 
its proportion to her displacement Is very large. 

'fhe four exponents whidi liave been described will, se- 
parately, only show the degrees of fulness in one direction s 
but they may be combined in such a manner os to express 
at tlie same time tlie longitudinal and transversal fulness } 
to ctfect which the value of the area of the midship section 

= — ^ — 1 * BA must be substituted in equation (1), which 



« -p 1 »a -p 1 ' 

also, by substituting the vdue of W = ^ BL in 
equation (?), we have 

^.-;-,L.BA = D (c). 

In UwK «ju«tions ihc prodaett 

show the Relative fulness of the diFerent shins in compari- 
son to the circumscribing narallelopiped. «*hen the con- 
struction water-line is equal to the whole water-line, as was 
supposed in calculating tlie foregoing table, 

fi ^ * 

nq.1 »rt^-|'“r.pl s T 

By this equation any error In determining the exponents 
mav be detected; and also by uving die whole equations 
(6)'and (c), errors in the dimensions or exponents will be 
detected. 

By a method of interpolation, formuhe of very easy ap- Metbodt of 
plication have been deduced; by which the depth of thehUf-rpola- 
centre of gravity of the displacement below the water-sec- 
lion, the height of the metacentre, and several other 
tial elements, may be i^roximated to without the usually Q]eat4, 
long calculations ; and thus most of the qualities of a ship 
which are determinable by calculation may be ascertaineo. 
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* tltcr«? with very little trouble, before the and m — 3*0 ; tl»e proportion !>r<wecn the length and the n«pin*i?’* 

^ bejfun. breadth, or a, was taken =r 5*23 ; and that between the 

In order to apply thU method of construction to practice, breadiJi and the depth, or /3, =: 0 32. By substituting this . 

Applimtion U rc<|uUite than to know the iimiu between value in the equation, we have 

€)l ih« rov- wiiich the exponents generally are for the class of ships in a / — ^ ^ . — 

thod to question, the proportion between the principal dimensions, B = ^ — — 16*38. 

pnurtice. mjd the distance the centre of gravity slK>uld be before the 2*12 X 3 X 3*23 X 0'32 

middle of the load water-line. In Swedisli ships of the line Length = 3*23 B s 87*04, 

and frigates, tlte distance of tl»e centre of gravity of the Breath =r 032 B s 3*31. 

displacement before the middle of the load waterdine U be- Hy calculating the weight of the hull according to these di- 
tween Ath and Ath of the length, and in smaller vessels it mensions, it was found that the approximation was too sm;dl 
is a littie more, depending on the manner in which their by 1 75 cubic feet. By adding this quantity to the displace- 
stores and rigging are distributed. Tlus distance being de- nieiit, and retaining tlie otlier values, it will be^uuod, from 
termined, die weight the ship is to carr)*, tlie weight of the above equation, that the 
hull, and the relative proportions ol' the different dimensions, Breotitii =: 16*822, 

or the value of the ex|>oneniB, the calculations will give length ~ 3'23X 16*882 88*315, 

the areas of every section, leaving the constructor the |>ower Dejnh = 0-32X 16*882 — 3*383. 

of giving them whatever form he may wUh. Tim weight of the engine, its situation, and tliat of its centre 

Kzaniplt* of Captain CorUund was employed in this country in build- of gravity, must determine the place of the centre of gravity 
n* applies- i|)g steam-boats for the Swedish post-office aers’ice. He of the vessel, which was found Uj be about 2*23 feet before 
has given the calculations of one ot tlicse boats, which were the middle of the length on the constniction water-line ; 
all constructed on Chapman's parabolic system, as an ex- and consequently, from equation (2), the situation of the 
ample of its practical application. midship M*ction wsa determined to be 9*27 feet before the 

Suppose the ratio of the breadth to the length to be a, middle of tiie construction water-line, 
and tnat of the breadth to the depth to be by substitut- The stations of the other sections were determined by 
ing them in the exjuation (3), it will become ’ 



the room and space. The parameters for the fore and alter 
bodies were first determined by substitution in the equation 
(3), In the fore-body 

/ . 88*315 



/=5-A = - 



- — 9-27 = 31-887, 



ft ^ 1 m ^ 1 

The values o( m and n arc known, being assumed from 
fo™« , the dUplacement U deu-rmined by the ^ alk^.body 

weight of Uie engines, added to the weight of the stores, ^ 

dec. and an approximation to the weight of the hull. By ^ A s 53*427. 

assigning values to • and the value of H Is obtained, and ^ 

from that the values of the length and dcpUi. The dimen- The area of the midship section, from equation (3), 
sions being now known, the scantling may be determined, 
and the true weight of the hull estimated; which, if very 
diff'erent freun the approximation which was used, will cause 
a corresponding alteration in the dimensions, &c. \Vitli a 
iteam-brat the stability is of minor importance, therefore 
it is not necessary to refer to equation (e). 

The vessel In question was intended for two twenty-five 
horse-power engines, tlie weight of which, with the neces- 



= — ^BA = Jx 

m 1 * 



16*822 X 5*383, 



= 67*912 square feet, 
and the half area := 33*936. 

Hence, by equation (3), the parameter of the fore-body 

51-893, 



■ 33*936 



33*427 



sary stores, and the other articles, was estimated to be about fg,. the after-body, 

2950 ojbic feet of water, and the approximation which was 

at first made to the hull was 1830 cubic feet, whicli sup- u/ _ : 

posed the whole displacement to be 3900 feet. 33*936 

The vessel was Intended to be sharp boUi at the midship The calculations for the sections are contained in the 
scciioD and at the extremities ; hence n was taken sr 2*12, following table. 



= 135*499. 



For the For\r-body, x • 



8<>etion«. 



End 

X 

N 

9 

m 

A 

d 

Midship section. 



thi> MiJihip I 

Srcl- or j. 



Fret. 

34*89 

32*24 

SO* 

24* 

18* 

12 - 

6* 

0 * 



For the After-bodj, x a 



AtwiiM, or X. 




Sectiooa. 
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»bip 8ed>oa, 
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Square Fe«l. 
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Square Fret. 


,33*960 


•0 


End 


53-43 


83*960 


•0 


28*730 


5*23 


34 


50-76 


30*460 


3-50 


24*660 


9-.S0 


32 


48* 


27*060 


6*90 


15*360 


18*60 


28 


42* 


20*390 


13-57 


8*349 


23*611 


24 


38* 


14*700 


19*26 


3-535 


30*42.» 


20 


30* 


9*990 


28*95 


-813 


33*147 


16 


24* 


6*225 


27-735 


•0 


33*96 


13 


18* 


3*382 


30*578 
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1*432 


32-5-28 
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6* 


*329 


33*631 






Midsliip section. 


0* 


-0 


33*96 
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Timber. The Arcu of the sections being thus determined, the 
omstructioo of the draught was begun. The mid»hip sec- 
tion, and one or two sections in each bo<iy, being draw n in, 
and their areas ascertained to agree with the tables, one or 
two diagonals were got in, and tlw rest ol' the sections drawm, 
always keeping their areas prccittely cqiuil to those given 
by the table. The direction of the diagonals at the extre- 
mities determined the places of the rablx’ts of the stem and 
stem-post, and from these the length of llic wl»ole locid 
water-line was found to be 0*44 feet longer tlian that of' the 
construction walcr-Une ; lluit is, 0'Ji3 at the fore-end, and 
O’l 1 at the at\er-end i consequently the length of tlte load 
water-line between the rabbets was equal to H8*73.*> feet- 
As, in a altip constructed according to (his method, tlie 
vtuation of tite centre of gravity with respect to the length, 
and aUo the displacement, are known correctly, during the 
progress of the work much tedious arithmetic^ calculation 
IS avoided ; and, after a very little practice, it will be found 
that the forms of' the different sections may with great ease 
be drawn to contain the requisite areas ; consequently, by 
tliG general adoption of the method, an amazing saving of 
time and trouble would be effected. 

There can be no doubt that this parabolic system offers 
great advantages, especially to the student of naval archi- 
tecture, in the great facility with which it may be applied 
to institute comparisons between ships by means of Uic ex- 
ponents. The mere repetition of the digits which number 
‘ the displacement of a snip, or the area of either of her sec- 

tions, will convey no idea of the form either of the body or 
of tlie section. Again, the ratio of the displacement, or of 
the area of the section, to tliat of the circumscribing pa- 
ralle1<q>iped or rectangle, will convey a scarcely more de- 
finite idea of sliape ; whereas the exponent of the displace- 
ment or of (he aection, presenting itself to us not only as 
an arilhtnettcal measure of quantity, but referring us at tJie 
same time to a geometrical line, the mind becomes imme- 
diately almost as conscious of the peculiarities of the form 
of the body or of Uic section as if a drawing of either were 
present before the eye. A very slight attention to the com- 
parisons wiiich have been drawn between Uic Nelson, Bul- 
wark, and Endymion, by means of their exponents, will con- 
vince tlie reader of the atlvantage which the system posses- 
ses In this respect, and of the value in which an extensive 
digest of sliips of various forms and qtudities, calculated on 
tiiis principle, would be held by naval architects. At the 
same time, it is quite evident that even the Inventor, Chap- 
man, would not have recommended the parabolic system 
as a total substitute for the more rigorous applications of 
science, but only as accessory to tlicro. Also, the parabola 
alfords facilities for variations in form, which may be almost 
taid to leave the architect at perfect liberty in his design. 

General Ol/servaiions on t\e Phj^ticloffjf of Timber, 
Aswp cannot, in the space allotted to this article, enter into 
a particular examination of the nature and qualities of tJiu 
different varieties of timber used in building a ship, wc must 
coniine ourselves to such observations on the physiobgy of 
timber in general, as may be of practical application. 

Timber, when forming a component part of the structure 
of a ship, is subjected to many deteriorating infiuencesthat 
r>,jTabiiity have no analc^cs in Other combinations of wood-work. Al- 
oftbi; royal though particular instances may be qxioted of shijis which 
n^ry. have resisted decay for long periods, the average durability 
of the royal navy is reported not to exceed fifteen years. 
This we coni^der now an unfavourable statement; but, in the 
w'car, tear, and neglect incidental to the constant services 
Of themerwof war, even this average roust be considerably lowered. The 
cMitUls na. duration of the m^^rcantiic navy is stated at a higher aver- 
vy* age : but it must be remembered tliat the mcrchant-slhp it 

not neceBoarily maintained in such perfect repair as the ship 
of war i and also, that Uie system ot insurance enables both 



merchant and sliipowner to freight and to sail ships, of which Titnbrr. 
Lloyd's books record a roost fearful and a most astounding 
talc ; a tale which proves, that the longer average durabi- 
lity ol' the mrrcimtile navy is in part purchased at a most 
sinful expemliture of human life } an ex|ieaditure which no 
amount o( insurance can compensate. 

The occasional instances of lengthened durability in some Ocrasiotud 
ships of the royal nary tend to prove, that it may be pos-if‘*^'’.‘jf*®f 
sibie much to increase the average, by insuring a crombi-"^* 



nation of tlie same causes whid), perhaps accidentally in 
these cases, produced this effect. That this is a roost im- 
portant consideration is evident ; for if we knew Ikow to in- 
sure to our ships the durability recorded of the Montague, 
we should diminisli the expense of our navy by one half : 
while if wc could insure to them tliat recorded of tlie Royal 
William, wc should diminish the expense to one sixth! 

The deterioration and decay of shipa may be advantage- 
ously considered under several distinct heada One may 
clutie the decay to which timber is subject, in common " 
all organized matter, and which may be either hastened or 
retanled, according as deslniclive or preservative infiuences 
prevail ; another may include the varietv of decay to which 
the name of ** dry rot” has been aj:q>liiH) ; and another may 
include that decay which appears to be not only prematurely, 
but unnaturally induced, dependent on the injudicious com- 
bination of destructive agents with the inorgonical com- 
pounds of the limber. 

That large masses of timber in combination should be 
more subject to the deteriorating infiuences which tend to 
accelerate decay, is what wc may be led to expect fiom 
analogy. All organization of which we have any knowledge, 
becomes eventually decomposed by the chemical action 
which takes place in its constituents. During the life and 
health of a plant, the various components acting under the 
influence of their common vitality, perform their several 
functions in accordance to the end of their original combi- 
nation : but with the cessation of life that influence ceases, 
and the constituents of the organized structure assert tlicir 
individual existence, and resume (heir original affinities. 

Some separate, some form new compounds, and others which 
the vital principle had retained in harmless combination 
now act energetically and destructively on each others w hile 
the original moss, under the influence of these several 
causes, gradually deteriorates, and is eventually deconi|)osetl. 

'I'his result may be accelerated or retarded by Uie presence h«ny rmy 
or absence of those circumstances which are favourable ortwan’rlc- 
unfavourable to it. Temperature, moisture, the vicinity 
remoteness of agents either destructive or preservative, ail *'‘’**^’ • 
have great influence in |womoting or retarding decomposi- 
tion, principally in as far as they promote or retard the fer- 
mentative process, which appears lo be the preliminary step 
towards the rapid decomposition of vegcliible matter. A D^tcriorsU 
certain degree of moisture is necessary lo induce this fer-*"!? 
mentation ; but wlicn Uie oilier circumstances Uuit are fa-^‘"^*' 
vourable to the process exist, this moisture is always to be 
found even in the best-seasoned timber, in which, on the 
authority of Count Kumfnrd, there still remains one fourth 
of its weight of water. This will be readily understood when 
it is remembered, that a very large portion of moisture is al- 
ways contained in the aUxsosphere, to the influence of which 
the timber has bc?cn exposed. While moisture to a certain 
extent appears essential, a continued iromenuon, or perfect 
saturation, is inimical to this vegetable fermentation. Again, I’rescrvs- 
a moderate temperature, not so low as to induce congelation, dvc infla- 
iKirso high as to cause evaporation of the moisture, a]>|>ears 
to be favourable to it. Tne unavoidable dampness of the 
atmosphere in ships, and the difficulty of maintaining a free 
circulation of air, contribute much to the process of fermen- 
tation, and consequently to the destruction of the original 
etructure of the fermenting mass, by the distribution of its 
several constituents, and its consequent decomposition. 
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Timber. The difficulty of mAintAining a circulation of pure air in 
those portions of the ve&scl below the surface of the wa- 
ter might be removed by adapting the openings between 
the timbers of the frame to tJiis purpoae. Pure air might 
by their means be casil) supplied to the lower part of the 
** i>etwecn decks,* or even to the hold, through pipes t and 
Uie foul, heated, and therefore rarefied air, would rush from 
the upper part of the between decks, or of the hold, through 
a second series of pipes. Tlic writer of this article proposed 
a plan for effecting this to the Admiralty, on his return from 
a cruise in the experimental squadron of IH27. The same 
principle is adopted now, very generally, to ventilate ma- 
nufactories and other large and closely-|)eopled buildings. 
Oxjrgen, The most active agent in the work ot the decomposition 
of timber is the oxygen which it contains, whether this de- 
composition be rapidly induced by fermentation, or is more 
slowly and gradually taking place under tlic influence of the 
law which renders decay the necessary consequence of or- 
lu effect, ganixation. The oxygen, which, during the vitality of the 
plant, was held in harmless combination, is set free, and im- 
mediately begins to act upon the woody fibre of the felled 
timber, and induces a slow combustion, the effect of which 
is the evolution of carixinic acid gas, and the carbonization 
of the wood, by which the tenacity and adhesiveness of its 
several parts are gradually destroyed. Timber, therefore, 
com mcncet begins to deteriorate and to decay from the moment of its 
with the being felled ; and indeed a gradual diminution of its strength 
lbe*Umb'f observed during the process of its seasoning, which 

'' only ends with its total decomposition. The hastening the 
seasoning process is, however, advantageous, by defiriving 
the timber of tlie superabundant moisture, and of Uie juices, 
which miglit olherw Ue induce an unduly rapid decomposi- 
tion. 

Dry rot. The decay of timber lias been fretpiently classed under 
two heads, natural decay, and decay from dry rot. I*rol»- 
bly there is not such a marked distinction between these 
Distinc* two decomposing principles as might be imagined. Very 
tivrrbarac- frequently the dci^omposition of timber is attended witli the 
tcrUUc. apparently spontaneous vegetation of parasitical fungi ; and, 
according to common acceptation, tiiat species of decay 
which is accompanied by the vegetation of tlicse fungi has 
Dfrivaiioti received the ajqKlIation of dry rot. The term was a^qdied 
to it in consequence, probably, of the peculiarity attending 
it, tiiat the decomposed wood had become a dry friable mass 
wiiliout fibrous tenacity. Whether the seeds of Uieae plants 
arc lying dewmant in tlie iuicca of the timber while in a 
state of life and health, and the vegetative jirinciple in them 
becomes active only when decomposition has fumiahed them 
a nidus, or whether they arc floating in the atmosphere, 
and vegetate whenever favourably placed, is a point not yet 
GiMioral established. However thU may be, a.s in general this pc- 

causrs culiar decay nuy be tracctl to impertectly seasoned mate- 

tbu decay. consider it may fairly be suppo>ed that tlie seeds 

of the fungi are contained in a fit state for vegetation in the 
juices of such timber ; and although it sometimes occurs and 
spreads among seasoned timber, it appears previously necc^s- 
sary that damp should have renewed and revived the vege- 
tating principle in the seetls, ami fermentation and decom- 
position have provided them a nidus, 'fhey then flourish and 
acquire strength on the sustenance which they draw from 
the decomposed wood; and in the same manner, and with 
a similar deteriorating effect as the parasitical plants which 
sometime's vegetate on the living tree, these destroy the 
dead timber, by abstracting all but the earthy particles, 
which are lefl w'itliout fibrous texture. 

Dryness, cleanliness, a free enrculation of air, or the en- 
tire cxciuiuon of it, appear to be the best prese>rvativcs 
against, or checks to, Vigetahlc decomposition; while damp 
accumulations, and a vitiated atmosphere, rapidly induce it. 
Tendency Jf the foregoing statement of the principles on which the 
ofdi'ftij (odecom^Misition of limber depends be correct, il U evident 
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that its tendency is progressive, and that the decay must Timbt-r 
rapidly spread, from the accumulation of the deteriorating 
influenc'es. It is aI»o evident that the only means to check 
nndue decay is by a removal of the inciting causes; and 
that the only means to prevent it, is to guard against those 
circunutances which are roost liable to induce it, and to 
avoid the use of those materials in which it is most easily 
induced. 

Unseasoned timber should never be used, and even the Prrrait. 
most seasoned timber should <mly be used when in a dry uvnary 
state. When kilning plank was first adopted, now up- ‘"**‘“‘^<** 
wards of a century ago, (he [^anks, afrer being set to tiie 
form of the body, were taken off to dry ; thia, however, was 
unnecessary, kilned plank drying almost at the mouth of 
the kiln. All decayed and all diseased portions of the w ood 
should be carefully removed, and also the whole of the sap 
or imperfect wood, which, from being more sofr and spongy 
in texture than the ^ne, absorbs moisture more easily, and, 
being also more filled w ith Uie vegetating principle and the 
vegetable juices, is more liable to fermentation, and conse- 
queoUy to decumposiliun, and to Uie grow th of the fungi. 

We shall now consider the {wemature decay of limber Influmr^ 
induc'ed by the substances which are used in connection 
wUh it. Of these the iron for fastenings has by far 
roost injurious influence. This is proliably owing to Uie ' 
great affinity which exists between that metal and oxygen, iron 
so that each fastening becomes an absorbent of oxygen, tenin^s. 
either from the atmosphere or from the wood which sur- 
rounds it, and which is again supplied from the atmosphere. 

The surface that is first subjected to this cliangv is con- 
verted into the browm ox>de of iron, which may be termed 
a supersaturated oxyde, and ports wiUi its superabundance 
of oxygen to the lamina of pure iron immediately beneath 
it, while Uie surface absorbs a frcsli store of oxygen from the 
wood ; and thus the process of oxidation goes on through Cause of 
successive lamimc of the iron, until the whole of its metallic <hetr <k>. 
nature is changed, and its utility as a fastening is destroy- 
ed, while it becomes a reservoir of oxygen, which acts* **** 
evidently on the w oody fibre around it, and, by carbonizing 
it, ra|ndiy and effectually destroys its tenacity. 

In Uiis view of Uie action of iron in accelerating the de- Conteitu- 
composition of timber, we may trace the reason why 
effect varies so much in different woods. Mackonochie, in *^^**^'* 
his atlmirablc Proiqiectus, says that oak is found to contain 
a much smaller pro^wrtion of oily or resinous particles than 
many other kinds of wood ; and that, besides tne lignic acid 
which it has in common with them, it contains an add pe- 
culiar to itself, called Uie gallic acid, and that, tlierefure, 
the quantity of oxygen in oak ts very considerable ; tliat, 
on the contrary, in teak it is much less, while in this wood Of teak, 
the resinous particles are so abundant as to liave procured 
the teak-tree a place amongst the terebinthinous plants. 

He argues, that the iron, w hich cannot easily be protected 
before being applied as a fastening, acquires a protecting 
covering from the oily or resinous juices of Uie woo^ 
pressed from the abraded vessels in Uie action of driving. 

TliU coating, which cuts off its influence on Uic oxygem, Effect of 
will be mewe or less perfect, in pro|>ortion to Uie quantities bon oo 
of the protecting substances exmtained in the wi>od. 
states, on the authority of the experience of the shipping 
built in India, and used in the India trade, that the average n^v 
duration of an iron-fastened teak ship is thirty years; and be u<e<l'io 
consequently he argues that It is a misiqiplicatiun of ex- te«k. 
pense to use copper fastening with teak, as the additional 
advantage gained is not at commensurate witli the ad- 
ditional expense. But with oak the circumstances arc dif- Action of 
ferent ; the action of oak on copper is not near so de^lruc- <^*W**^ 
tive of its metallic structure as it U on iron ; and, on Uic**^ 
other hand, die re-action of the metal on the wood is not 
so destructive of its ligneous fibre. The oxyde of copper, 
which forms almost iminediately on its coming in connect iou 
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with the wood, it noi a fupcraaturated oxyde, but the por« 
lion of oxygen it hut absorbed U held in strong combina- 
tion ; and, consenucntly, instead of the process of oxidation 
continuing from lamina to lamina, as has been dc^rihe<l to 
be the cose in iron, the surface oxidation becomes a natural 
protection of tlic copper from Uic action of the woo<K and 
of Uie wood from the action of the cop]>cr, equivalent to the 
resinous or oily coating which supervenes in tlie case of iron 
driven into leak. 

With this view of the process of decomposition in timber, 
we have an insight into the nUionale of tlie various means 
proposed for its preservation. Several writers on timber 
nave more or less urged the foregoing principle. Macko- 
nochie, in his Pros^xHrtus, has adopted this theory ; and 
though his reasoning on the causes of decomposition is not 
given with his usual jierspicuity, his deductions as to the 
means of prevention are perfectly free from this objection. 
He recommcrKls, tliat wluUcvcr iron is u»ed fur fastening, 
a protecting coat of paint or some otJicr substance should 
1 m* interposed between the iron and the wewd, to cut oH*, as 
for as possible, tlie connection between the metal aud the 
woody fibre. 

He also recommends that, in seasoning timber, care should 
he taken to expose it to the light, which will have great in- 
fluence in making it eive out its oxygen. But as it must 
re-absorb oxygen in tlie night, and will at least bo supplied 
uith it from the aliuosuhere, the only cflecltud means is 
at once to ex]x*l it, and fill up its space with some other 
SiitursiioB substance; for which purpose, he says, “ oil presents itself 
with oiL ^ jjjj, jjj defending timber from tlic action of 

the weallicr having been long acknowledged and practised." 
He recommends the following process os on easy means of 
impregnating the limber with this or any other similar sub- 
stance. The wood is to be placed in a steam-tight cham- 
ber, and subjected to the action of steam, by wliich the air 
and gases will he expelled both from the chamber and the 
timber. Then, by condensing the steam, and repeating the 
process until the whole of the elastic fluids ore witlidrawn 
from the wood, and the non-elastic converted into vapour, 
the wood becomes Ifeed from them, and if plunged into 
oil, and subjected to the atmospheric pressure, the whole 
interior of tlic wood will be filled with the oil. Macko- 
nochic asserts that he tlien has (6th Aupist 1803) in daily 
use a steam.chambcr on tlie above principle, capable of con- 
taining from twenty to thirty planks forty feet long, or a 
pro[x>rtionate quantity of timber, in which, while the planks 
arc steaming to render them flexible, they arc impregnated 
Oil may b« uitli leak oil. He says tlic oil mav easily be procured from 
the chips and saw-dust used for tKe fuel of the stcam-boU- 
• (bf i( been ascertained that Malabar teak contains 
such a quantity of oleaginous or terebmthinous matter, tliat 
the chips from tlie timlier and plank of a ship built of it will 
yield, by a proper process, a suificient quantity of tar for all 
its own purposes, including the rigging ; and tliat although 
nok-timber doc^ not cenlain so much of these substances, 
the chips of the fir con.>umcd in the royal navy would be 
more tlian sufficient to supply tar to saturate the oak. 

There have been numerous j>ro]K>sa1s to impregnate tim- 
ber, in a greater or less degree, nith foreign substances. 
In 1779 a proposal was made by a M. Pallas to mineraii«; 
timber by steeping it to saturation in a solution of green 
vitriol, and then precipitating the green vitriol by means 
Mr Hill, to of linie-wMer. A gentleman of the name of Bill, about tlie 
** year produced some samples of timber of large scant- 
ling, impregnated throughout their substance, apparently, 
with asphaltuTii. The samples thus prepared were subjccud 
to a trial of five years’ duration in the dry-rot pit at Wool- 
wich ; and wc have it on the autliority of Mr KnowUrs, the 
able scercUry to the Late committee of surveyors of the 
navy, that they perfiMTlIy withstood the “ fungus rot," w hile 
numerous unprepared spiecimens were dcstixiyed in oue fiftli 
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of the above time. Sir John Barrow, whose long expe- TimWr. 
rience and acknowledged talent render his opinions on all 
naval mattcra extremely valuable, recommends the kreosote 
from tlie distillation of tar, which, in the shape of a gas, 
will, he says, penetrate every piort of the largest logs, " and 
render the wood almost as hard as iron, so hard as nut easily 
to be worktd." Another plan, that propoud by Mr Kyan, Mr Kysn, 

U to soak timber in a solution of corrosive sublimate. This, 
on the principle advocated in this article, would be eficc- 
live in all cam:s where the saturation w hs complete and per- 
manent. Where tlie application is only of inc nature of a 
Burface application, there does not appear to be any reason 
why the corrosive sublimate should |ircaerve tlie interior of 
tile timber, or have more effect on tiiat part than any other 
surface a|>p]ications, excepting that it would more certainly 
destroy any v'cgetativc principle which might exist in tliat 
portion m^ar the surface to wliich it could {lenetrate. 

The rationale of Mr Kyan's process may be best under- Mr Ky«n*« 
*too<l by the following quotation from a lecture by DrFoc**** 
Birkbcck. ** Aware of the eslalilishcd uffiiiily of corro- 
sive subliinate fur this material (albuiiiciiX he applied tliat 
substance to solutions of vegetable nuitter, both acetous 
and saccharine, on wliich he was tlien operating, and in 
which albumen was a constituent, witli a view to preserve 
tliem in a quiescent and uicomiplible state ; and obtaining 
a confirmation of his opinions by the fact, that during a pe- 
riod of three years, the acetous solution 0 {>cnly exposed to 
atmospheric air hud not become putrid, nor hod tlie sac- 
charine decoction yielded to the vinous or acetous stages 
of fermentation, but were in a high state of preserva- 
tion, lie concluded tliat corrosive sublimate, by combina- 
tion witli albumen, was a protection against the natural 
clianges of vegetable matter.... He conceived, therefore, if 
albumen maile a jurt of wood, the latter would be protect- 
ed by converting that albumen into a compound of pro- 
tochloride of mercury and albumen { and he proceeded to 
immerse pieces of woimI in this solution, and obtained the 
same result as that which he had asccrtaineii with regard 
to the vegetable decoctions.** The writer of this article 
has seen most conclusive experiments as to tlie beneficial 
eflcct of " Kyanizatiun,** especially on the soBer woods. 

Innumerable nostrums have b^n recommendi'd as sur- Number- 
face applications for preventing the dec*a^ of timber. ^ 
Knowlca, in his work on tlie IVcservation of the Navy,|^||J|^ 
gives a list of twenty-nine, besides many others the 
jxinents of which were kept secret by their projectors. 

There does not appear to be sufficient evidence to prove 
the decided advantage of any of these applications ; on the 
coiitmry, unless the timber to which they ore applied should 
be tlioroughly seasoned, all coatings on it which prevent the 
progress of the seasoning process, and confine the vegetable 
juices, have been proved to be injurious. If timber be 
already well seasoned, the principal preventives to decay 
appear to be ventilation and the exclusion of damp ; and 
with unseasoned timber the same means wdll accelerate 
tlie process of seasoning. Those means of preventing de- 
cay by saturation will) some chemical agent, and thus al- 
tering the nature of the timber by a chemical action on its 
constituents, appear to be tlie most likely to produce de- 
cided results. The physician-general of the navy, Sir Wil-Sir William 
liam Burnett, finding iLiat the precipitate caused by ihc**“”**^ 
kyanization was soluble in salt water, has lately substituted 
for lliat process saturation with tlie chloride of zinc; the 
precipitate wliich this forms with the albumen being un- 
alTectcHl by the action of the salt water. The beneficud 
eflect of this chloride is very decided, in those specimens 
which the writer has liad an opportunity of examining. 

There has been much controversy as to the proper season Tima fgr 
for felling timber, into which we cannot devote space to^lhng Um- 
cnler. Thcojigumcnt apticars to be in favour of the greater*^'* 
duiabilit) ufwintcT-fclled timber, lu fact, the controversy 
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)^vinfOfr.iq)f^n nior« to Iiatc arisen from a desire to prove that 
'-“‘"V— ^ spri>ig*rcllcd timber was oot uneoual to winter«idled» than 
for tile purpose uf dicitiog truth } the bark being more 
easily deUclied and more valuable from off a spring-felled 
than from off a winter -felled tree. 

Laying Off. 

Geatml obaervathns and df^ntriowj.— Laying off U deli- 
neating the form of a ship according to its actiud dimen- 
sions! io order to supply tlic workmen with the exact shape 
and pre^r positions of tlic principal pieces of timber which 
compose the structure. If the Hoor ^ sufficiently spacious, 
the ship may be laid off in one length ; if olheraise, the 
operation must be performed in two or more lengths^ ac- 
cording to circumstimeea. 

Tlic principal plans of a ship are the slicer, body, arHi 
half-brcadtii plans. 

SUmt plan. 1«^> 'Hie sheer plan is a projection on a vertical lonmtu- 
dinol plane, dividing a ship into two equal parts. Plate 
CCCCI« fig. 24. 

DoJf plsn. 2(/, The body plan is a projection, on an athwartship 
plane, of transverse vertical sections of the sliip, which sec- 
tions are souare to the keel. Fig. 2o. 

The half-breadth plan is a projection, on a horizontal 
tp-adth plane, of various sections of the ship. Fig. 2fi. 

P an. principal lines employed, as well in the construc- 

tion of a draught, as in laying off a ship, are water-lines, 
level lines, diagonal lines, and buUock and bow lines. 

Water •hna*. 1 Water-lines, in the sheer plan, are straight lines draun 

parallel to the surface of the water. In iIm haJf-breadlh 
plan, the water-lines show the boundaries of the sections 
of the ship, at the corresponding heights in the sheer and 
body plans. Figs. 24, 25, 26. 

L«vr1 lines. 2^, Level Unes are similar to water-lines, except that 
they are drawn parallel to the keel instead ot' to the water. 
To avoid confusion, tlie level lines are omitted in the sheer 
draught, but they are drawn in Plates CCCCLl. and 
CCCCLII. 

3</, Diagonal lines show the boundaries of vario<rs sec- 
linc*. tioiis formed by planes which are oblique to the vertical 
longitudinal plane, and which intersect that plane in straight 
lines {urallcl to the keel. Plate CCCCL. figs. 25 and 26, 
Bdttork 4M, BuUock and bow lines are tlie bourularics of verti- 
«i.d bow sections of the ship, parallel to tlic vertical longitudiiud 
plane. See B. U fijp. 24. 25, 26. 

Main- The main-breadth line »s the boundary uf the widest port 

brrsdih of the ship in each of the three plans. Plate CCClT« 
Ij.***'^ The top breadlh or top-limber line, in the alieerpUn, is 

hi'iT^tbaad* line drawn to the sheer of the ship, fore and off, at 
top.«wle height of the under side of the gunw^e amidships ; and the 
lines. top-sidu line is a shc'cr line draw n above the top-timbrr line, 
at the extreme height of tlie side of Uie ship. Plate (?C('CI,- 
Cutting- Tl»c cutting-down line is a curve in the slieer plan which 
duwn line, corresponds to the upper surface of the throats of the Honrs 
amidships, and to the under side of the keelson. Plate 
CCCCL. 

Fore and Fore and after bodies. These combined constitute the 
whole of the sliip. They arc supfiosed to be separated by 
an imaginary- athwartship section, at the w idest part of the 
■Iiip, ctdicd the midship section, or dead-flat, 

^HeUbip Midship body, as sometimes used, applies to an iodefi- 
iHidy* mte length uf the middle part of the length of a ship, in- 
cluding a portion of the fore and afU-r bodies. 
g(io*r« and and cant bodies may be considered as subdivi- 

oMtii bodlei. slons of the fore and after bodies. There is a square fore- 
body, a square after-body, a cant fore-body, ami a cant 
after- body. In the square body the sides of the timbers 
arc athwartship vertical planes, whereas in the cant body 
the sides ot' the timbers, uthough vcrticid, are not ailiwari- 
ahip planes. 



Moulding and Siding. These terms are nearly synony- LayingOd: 
mous wiili thickness and breadth ; observing that the mould- 
tug of a piece is the dimension of the side on which the mould 
is applied for dctenninii^ its shape or curvature. Fur in- 
stance, tlie moulding of a beam is its depth or thickness ; 
its siding is its fore and aft dimension, or breadth. 

Koom and space is a certun distance determined by the Room snJ 
aiding of two adjacent timbers, together with Uie opentnga *!>•««. 
beta een them ; or it is the distance apart of the joints of the 
frame, as from A to B in the dispoaition of the timbers, or 
one half the distance apart of the stations B, D, F, Ac. in 
the sheer dan. Plate CCCCL. fig. 24. 

ShitL This, in its general tense, refers to a certain ar- ShiA. 
rangement among the component parts of a ship. Thus 
we speak of a shift of plank, a shift of dead-wood, meaning 
thereby the disposition of the buts of the timber or plank, 
both with rcspi^ to strength and economy. In a n>ore li- 
mited sense, ** shift” means the distance apart of two neigh- 
bouring buts or scarplis. 

The bevelling of a timber is the angle contained be- BerclJin^ 
tween two of its adjacent sides. Bevellings are cither 
acute angles, right angles, or obtuse angles. These three 
separate cases are denominated under bevelUngt, square, 
and standing bevellings. 

Sirmarks are certain stations marked on the moulds ofSirnssrk*. 
the timbers at which the bevellings are applied. These 
rirmarks arc denoted in the body plan by the various dia- 
gonals. 

Detcription of tha draughty cantiding of iAa s4err, body, 
and katf-brtadih plana , — Tlie principal dimensions of a 
ship are length, breadth, and depth. Connected with and 
dependent on tlicse three dimensions, arc three plans, 
named the sheer, half-breadth, and body plans. TIvesc 
combined constitute what is termed the draught of a ship. 

We purpose to describe ihimi separately. Plate CCCCL, 

Isf, The sheer plan or elevation (fig. 24) is the represen- Sheer plsa. 
tation of an imaginary longitudind section, dividing the 
ship into two cauaJ parts, by a vertical plane passing through 
the middle of tJie keel, stem, and stern-post. 'Fliis section 
is bounded by the fore part of the knee of the head, under 
side of tlie keel or false keel, aft side of the rudder, rake 
of the stern, and the sheer of' the upper part of the top-side. 

Besides tills plan being a section of the ship amidships, 
showing the slicer uf the decks, cuUing-down line, stations 
of tlic masts, &c., on it arc also projected, in lines perpen- 
dicular to the aforesaid longitudinal section, the |xirfs, cat- 
head, head-rails, side counter-timber, quarter-gallery, main- 
breadth line, channels, dead-eyes, &c. From all this wc 
sec that the chief use of the sheer plan is to obtain heights 
and lengths ; heights measured from the itp{>cr edge of die 
rabbet tJie keel, and lengths measured from Uie after or 
the fore perpendicular. These perpendiculars, which define Prnwndi- 
tlic length of Uic ship, arc drawn in most ships of war al®dsr». 
the fmos of the lower w gun deck ; the foremost perpen- 
dicular at the aft side of the rablict of the stem, the after- 
most at the forcside of the rabbet of tlie stern-post. 

Occasionally the interior fittings and accommodationa 
are shown on the sheer plan, us the beams magazines, 
store-rooms well, pumps capstans cabins and other rai- 
nutiie ; but as these pr^uce confusion by multiplying lines, 
it is usual to represent the interior economy of the riiip on 
a se[wrstc plan, called the *' profile,” or plan of the inboard Profile, 
works. 

2d, The half-breadth plan (fig. 26) principally shows n*lf- 
the form of the ship, \st, when cut by water-lines ; 2d, by 
level line* ; and, 3d, by diagonal lines. As before observed, ** 
tlic planes of Uiese diagond sections inteniect the longitu- 
dinal plane of the ship, in straight line* ptralltl to the keel. 

Besides the above, the form of the decks, main-hreadth 
and toi>-bread(li lines ntay be also delineated on the half- 
breadth plan ; together with the projection of the planes of 
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L«yiiigOfl^ the fore and aAer cant timbcri, which will be more particn* 
larly explained in the aequel. 

Bod/ plan. S<4 llie body plan (fig. iS) is simply a representation of 
vertical iranavcnc sections, before, at, and alwdl the widest 
transverse section, which is termed dead flat.* and usually 
denoted by the symbol 

The sections in the body plan in the fore>body are dia* 
tioguished by letters, A, fi, C, &C., thoae in the after>body by 
figures, 1, 2, 3, &c^ corresponding with the same letters and 
figures in the sliecraiHl Iwf^brciulth plans. It must be un« 
derstood, that the sections in the body on the right of the 
middle line represent the starboard fore«body, whilst those 
on the Iel\ of the middle line represent the larboard allcr- 
body, of the ship. 

It is thus seen, that from the aforesmd tlirec plans we 
may derive correct idcaa of tlie form of a ship, which form 
is obtained 



From the sheer plan, 



From the body plan, J 



From the half>breadth 
plan, 



IM: 



on a vertical longitudinal plane i 
erticjil uthwartship plane ; 
on a iMjrizontal plane. 



by vertical fore and afl sections 
parallel to the vertical longitu- 
dinal plane, as seen by the but- 
tock and bow lines ; 
by alhwaruliip vertical sections, 
square to the keel, and at right 
aneles to the vertical longitudi- 
nal plane; 

laf, by water-lines, or by planes 
parallel to the water; 2d. by level 
lines, or by planes parallel to the 
keel ; '3d, by diagonal lines, or 
by pianrs inHined at any angle 
to the horizon. 

The reader will also perceive from the preceding remarks, 
that 

The sheer plan 
The body plan 
The half-breadth 
plan 

As before remarked, tlie three abov'c-dcsrrihed plans con- 
stitute the draught of a ship. \Vc shall presently see their 
mutual dependence on each other, so that any two being 
given, the third may be obtairn'd. 

Profile- Besides the sheer draught, it ia customary to furnish the 
architect with a profile ot' the inboard works before cx- 
I>ispou- plained ; the ** disposition,” or tlic apf»carancc of the tim- 
tion- bers whicl) constitute the franK*, showing the heads and 
Uidship hciia, and general arrangcroent of tlie fiittocks; the mid- 
acetioiL sliip section, on which isoesenbed the moulding, or athwart- 
•hip size of the timbers, the thickness of the exterior and 
intenor planking, the connection of the beams to the side, 
the dimensions of the water-ways, shelf-pieces, the descrip- 
flrheme of tion and fastening of tlie knees, Arc. These, together with 
Bcaatlingv. ^ scheme of scantlings, wbicli is a document containing the 
dimensions, and otljcr inrticulars, of the principal pieces 
which enter into the construction of the fabric, constitute 
all the prc|uuratory information nxjuired by the builder. 

Afier these general observation'', we shall now enter more 
in detail into the description of the draught of a sliip; but 
as laying off and practical building are so intimately con- 
nected, that a perfect knowledge the one cannot be at- 
tained without some acquaintance with the other, it liecomcs 
previously necessary to describe, in general terms, the me- 
thod in which tlie timbers of a shi|] are combined and dis- 
posed, both in the square and cant bodies- 

This constitutes anodicr division of our subject. 

Frame of a The timbers of a ship are combined together in aasem- 
ahtp. blagcs which arc technically called ** frames these are put 
U^thcr in a certain predetermined order, depending on a 
variety of circumstances, as the size and form of the ship to 
be built, the nature and dimensions td* the timber to be used, 
tlie skill and judgment of the architect employed. \Vc will 
suppose each frame to conrist of a floor crosaing the dead- 



wood, a first futtock stepping against the dead-wood, a second Laying 091 
fiittock on the head of the floor, a third futtock on the head of 
the first futtock, a fourth fuUock on the head of the second^*** 
futtock, and, lastly, a lop-timber on the head of the third 
luttock. The above arrangement accords with the old sys- 
tem of building. An economical modification of the planShort-tira- 
was introduced of late years, by diminuliing the length, and ber ham«. 
therefore by increasing the number, of the timbers. Thus 
the long fltxirs ore abolished, and their ^ace ia substituted 
by shorter floors, called cross timbers. To the sides of these 
cross timbers, giving scarph to and pruiecting beyond them, 
are bolted and doweUed pieces, called half floors. The first 
futtock will then but on the head of the cron timber, the 
second futtock on the head of tlie half floor, the third fiit- 
tock on the head of the first, the fourth on the head of the 
second, the fifih on the bead of the tliird, the sixtii on the 
bead of the fourth, and tlie u^timber on the head of the 
fifih. Oexasionaliy hmgthcning pieces are added to the 
upper timbers, when required by the conversimi. See figs. 

34, .35, 3fl. 

Figure 49, Plate CCCCLVIln represents a disposition 
with the buls of the frame arranged like iIkisc of a shifi of 
plank, there being tlirec timbers between every two buta, 
while in the usual disposition there ia only one timber be- 
twrecn every two buta. 

By reference to the disposition of the frame, Plate 
CCCCI-IV., it is seen that the timbers are not in contact 
sideways, but are kept apart a certain distance; although, for 
the sake of simplicity in laying off, we suppose them to touch 
each Ollier from the keel to the top-side. This imaginary Joutts. 
junction of the futtocks of a iraroe is called the joint. The 
joints of the frames are, with one exception, equidistant. 

This exception is seen in fig. 24, Plate CCCCL., in which the 
distance between the joints 3 and (2) is greater than be- 
tween the other joints. This variation is for the purpose of 
introducing an additional timber, called the “ single tim-Sinifla 
ber,” so that there will be five timbers in the siwce 3 (2), timber, 
ulicreastlierc are only four timbers between the other joints. 

Hence the opening in question is called the five-fourth open- 
ing; and one frame, instead of consisting, like all the ouiera, 
of two adjacent timbers, will consist of an oMcmblage of 
tlirec timhew. Tlie reason of the introduction of the single 
timber is, because tlie position of the varicuis fiittocks is re- 
versed in the fore and altiT bodies, i. e. those which in the 
fore-body are on tlie fore side of tlie joint, are |>Uced in tlic 
afier-boJy on the afi side of the jwnt. Hence, were it not 
for the single timhi'r breaking the sliitt of the heads and 
heels. «'c should have a series of two Imts together, as two 
first-fiittock heads, and so on. llic timbers being square 
to the keek the joints will obriously be represent4xl in tlie 
sheer and half-breadth plans by straight lines square to the 
keel. 

As before explained, these joints and their corresponding Square 
framc» are distinguishiHl in the fore-body by letters, as A, body. 

B, C, I), Ac. and in the after-body by figures, as 1, 2, 3, 4, 

Ac. Thus it is seen that the sides tW* timbers already 
described arc athwartship vertical |>lanes. This arrange- 
ment, however, is departed from at tlic two extremities of 
the ship ; for if tlie sides of the frames were atliwartship, 
timber of much larger scantling would be required, which 
would be nxire costly, more liable to decay from converting 
older trees, and would be still farther objectionable, from 
the fastenings, which ought to be square to the curve, cut- 
ting the limbers more obliquely. To obviate these incon- 
veniences, the timbers, in tedinical language, are “ canted.” 

It has been before explained, tliat tlie sides of square Square snd 
timbers are vertical planes; so also are tliosc of cant iim-csmbvdu-«. 
hen. Again, the intersection of the plane of the square tim- 
ber with the vertical longitudinal plane of the ship, is a verti- 
cal straight line: the same remark is applicable to the cant- 
timber. Further, the plane of the square timber U at right 
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Inlying Off. Angles to this loogitiidinal plane, whereas that of the cant 
timber is oblique to this plane. The subject of square and 
cant tiinbcfs has been explained by the following familiar 
illustration. Imagine the herore-nameU vertical athwart* 
sliip plane to be fixed at its intersection with the vertical 
longitudinal plane, but still allowed to revolve on the ver* 
tic^ line of intersection as an axis. It may be considered 
as a door on its hinges. \Vhen the door is wide open, in 
other word-s when tlie plane stands athwartships, it repre* 
sents a square timber ; when the door U partially closcit, or 
allowed to revolve on its hinges, it represents a cant timber 
This imaginary revolution, of course, takes place forward 
in the fore*body and aft in the aHer-body. Thus, in the 
half-breadth plan, Plate CCCCL., AB, drawn pcr|)endicular 
to the middle line of the sliip, represents the joint of a square 
frame ; but if it is made to revoVe fons anl round the point 
A, till it comes into the position Ab, it then represents the 
joint of a cant frame. 

The We have now to explain tlic manner of drawing the va- 

of rioug lines and sections of a sliip, and of transferring them 
* ‘ ^ from one plan to another. Por this purpose it will be con- 
venient to imagine the draught complete, and in a general 
way to retrace the steps by which the completion w'ls ef- 
fected, by explaining the adaptation and correspondence of 
the three plans with each other. Below the upper edge of 
the rabbet of the keel are drawn the depth of the rabbet and 
KecL the under sides of the main and false keels. At a distance 
afiart, equal to the length of the ship, are drawm the forc- 
Perpendi* most and aftermost perpendiculars, at right angles to the 
euLsrs. heel, and respectively intersecting the afl |jart of the rabbet 
of the stem, and the fore part of the rabbet of the stem- 
Stem and post, at the height of the lower deck. The stem and stem- 
surn.pont post, lugctlicr with tlicir res|x.x’tlve rabbets, arc likewise 
delineated. From tlic calculation of the weight of the ship 
when fully equipped, as already explained, is determined 
I,otw) vra- the position of the upper or load water-line; the otlier water- 
t«r-Ur>e. lines are drawn at pleasure parallel to, and generally equi- 
distant from, the load water-line. They are severally mark- 
ed No. 1 , 2, 3, 4, Ac. (Plate CCCCL.^ observing Uiat they 
are characterized by tiie same figures in the bo<ly and half- 
breadlh as in the sheer plan. 

The load water-line iKung drawn In the sheer draught, 
Sheer of the height of the lower deck may be deteraiincd. It is to 
the decks, be observed, tliat a deck is delineated by three lines, tlic 
upper two of which arc parallel to each other, and represent 
the tlnckncse of the deck at the middle ; the third or lower 
line denotes tlie under surface of the deck at tlie side of the 
ship. SuppoMng the height of the deck determined amid- 
ships, forward and aA ; let these heights be set above the 
load water-line, and throuj^ the Uirce spots thus obtained 
draw a segment of a circle ; this curve defines the deck at 
the middle. To obtain the deck at the side, proceed as 
follows. Draw a straight line, equal in length to tne breadth 
of the a3iip amidships, to the interior of the timbers. Per- 
pendicular to and at the middle of this line, set off the 
round-up of the beam, through which {xiint and the extre- 
mities of the line draw the segment of a circle, which will 
represent the round-up of all the beams. Draw a tangent 
to this curve at iu middle }xiint, which will evidently be 
parallei to the first-named line, or chord of the arc. Now, 
to obtain the round-down of the deck at any particular sta- 
tion, take Uic half-breadth of the ship at tliat station, and 
set off this lialf-brcadlh on the tangent from the middle of 
the curve. Next take the perpendicular distance (at right 
angles to the tangent) of the curve from the |x>int last ob- 
tained, and set it off on the slieer plan at the corresponding 
station below the under side of the deck at the middle ; the 
spot tbiis obtained is the deck at the side. By {irccccding 
in a similar manner at other stations we obtain several b|k>u 
through which a fair curve must be drawn, and thus is de- 
(eruiined the under surface of Uic deck, or the upper sur- 



face of the beam at the side of the ship. In like manner LayiiurOif. 
are the other decks delineated, their height and round-up 
being known. At present, however, only the lower dccic 
can be decided. Beibrc the upper deck, quarter-deck and 
forecastle, and round-house, are drawn, it will he neceasary 
to draw, in the sheer draught, Uic midship and side coun- 
ter-timbers. We here remind tlie reader that we are al- 
luding to a two-decked ship, whereas Uie sheer draught 
(Plate CCCCL.) represents a frigate, which lias one fight- 
ing deck less than a linc-of-batllc ship. 

As the heels of the stern or counter-timbers rest on and tVinj;.tnB- 
are connected to the wing-transom, this transom may be 
considered as Uie foundation of the stem. To draw the 
wing-transom, set up in the sheer plan, from the up{>er edge 
ot‘ the rabbet of the keel, the height of its interseetkm at 
the middle line of the slilp with the fore part of the rebbet 
of the slcm-posL At this point draw a horizotital line, be- 
low which draw a second horizontal line, at a distance from 
the former equal to the round-down of the transom. On 
the upper horizontal line set off the round-forw'ard of the 
transom, which square down to the second horizontal line. 

Next join the last-named point and the point of intersection 
of the upper surface of the transom, with the fore part of the 
rabbet, and we thus obtain Uic afrer upper edge of (he tran- 
som. It is to be understood that the method just described 
for drawing the wing-transom is only an aiqiroximalion to 
truth : thus we have supposed the after uf^ier edge of the 
transom a straight line, whereas in reality its projection is 
a curve ; but as this description U sufficiently accurate for 
our present purpooe, we shdl reserve any furUier remarks 
on the subject until we explain the method of laying off the 
transuraa. 

Having drawn a line to represent the after upper edge 
of the wing-transom, the fore and after extremities of this 
line will be respectively the terminations of the after parts 
of the lower ends of the midship and side counter-timbers; 
but before these timbers are described, it will be necessary 
to make a few observations on the stem of a sliip. 

If we imagine the stem to be cut by a vertical fore ami The sterru 
aft plane, the after boundary of this section, above the wing- 
transom, will consist of the hollows of the lower and upiier 
counters, and a straight line from the upper knuckle to the 
top of the side. Moreover, the stem has two curvatures a 
round-up and a round-aft. The round-up is variable, w here- 
as the rourKl-aft (above the upper knuckle) is constant. 

The round-up of the stem gradually increases from the 
wing-transom to the taffrail; that is, the right aft rails, 
which include the tuck-rail, tlie lower counter, upper coun- 
ter, foot-spacc, and breast-rails, have more and more cur- 
vature as tiiey ascend. 'Fhe round-aft of Ute stern, from 
the upper knuckle to tlic taffrail, is the same in .equal 
breadths ; in fact, the stem is a portion of a cylinder, and 
therefore all sections square to its axis, or square to the 
rake, which is parallel to its axis, are portions of die same 
circle. 

We may now proceed to draw in die midship counter- Coomer. 
timber. The stations of the upper and lower knuckles 
being determined, draw a circular arc to the hollow of the 
upper counter; and from die lower knuckle to the intersec- 
tion of the upper e<lgc of the wing-transom with the fore 
part of the rabbet of the stern-post draw another curve to 
the hollow of die lower counter. From the upper knuckle 
draw a straight line to the rake of the stem, and we thus 
complete the projection of the midship counter-timber. 

To draw in ».he side counter-timber in the sheer plan. Side roun- 
At the heiglit of the upper knuckle of the midship counter- tti-iimlw. 
timber draw a horizontal line ; at die distance of the round- 
doHn of the upper counter below this line draw another 
horizontal line, on which set off the round-foruArd of the 
upper counter square to die rake. 'Hic {xiint dius obtained 
will be the upper knuckle at the side. In like mouner is 
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Lajinf OffobUined the lower knuckle at tlie side. From the two 
knuckles draw in the hollow of the \ippcr counter, ami fr^jm 
the lower knuckle to the fore part of die after cd^ of the 
wing'transom draw in a curve for the hollow of tltc lower 
counter. 

Now if the topside had no ” tumbling Itome,” the side 
counter«timber above the upper knuckle would be piralld 
to the midship counter-timbKr ; and further, in pro|K>rtion 
as the “ tumbling home" is great or small, so will the beads 
of these timbers approxinaate to or recede from each other. 

To obtain a point tor the head of the side counter-timber, 
it will be first necessary to draw the round-aft of the stem. 
Strike a straight line at pleasure, the length of which is 
equal to the breadth of the stem at the lower knuckle. At 
the middle of this line erect a perpendicular, and on it set 
off die round-afi of the stem ; through this last point, and 
the extremities of the line, draw a circular arc, from which 
we may obtain the vound-afl of the stern, square to its rake, 
at any breadth. For instance, to procure the round-all at 
the head of the side counter-timber, set off the half bremltb 
of the ship at that height fmm the middle of the chord of 
the arc; then take the distance of this point (square to 
the chord) from the circular arci this distance is the round- 
ad required, which, when set off square to tiic midship 
counter-timber, determines the afl side of the side counter- 
timber at its head. We have now to obtain spots for draw- 
ing in this timbi-r between the head and the upper knuckle. 

Sum. As before remarked, the stern above the upper knuckle 

is cylindrical, and as all sections of a cylinder naralle) to its 
axis are bounded by straight lines, while those sections 
which are oblique to its axis are bounded by curves, it fol- 
lows, that in tiie sheer plan the midship counter-timber, as 
explained above, is a straight line, white tile side counter- 
timber is a curve. 

Further, as all sections of a cylinder made by a plane 
square to its axis are circles, while those sections w hicn are 
oblique to its axis arc ellipses, it follows, that in the half- 
breadfh plan the round-ait of a plane, which in the sheer 
plan is at right angles to the rake of the stern amidships, 
will be circular, while the round-afl in tlie half-breadth plan 
of all other planes will be elliptical. 

Bouncl-a/t. Bearing this in mind, we proceed to sliow the manner 
of obtaining the elliptical round-all of the level line Q at the 
height of the upper knuckle a at the sides (Plate CCCCLIIf. 
Hg. 31). In the sheer plan, from the point n draw ah at 
right angles to the miileliip counter-timber produced. Pro- 
ject the |x>int a in the sheer plan to the middle line of the 
half-breadtli plan, as e. From e draw rfat right angles to 
the middle line, and on tf set off the half breadth of the 
sliip at the lower knuckle. Draw t(j c({uul to ah, and 
throggh g and f draw a circular arc ghf, the raiUus of w inch 
arc will be equal to half the diameter of the cylinder ; then 
will ghf be the round-aA of the stern square to its rake. 
Again, in the half-breadth plan draw* any number of lines 
W, X, parallel to the middle line, intersecting the round-ail 
ghf ifi the jioints h and i. Take the horizontal distances of 
h and I from «f, and set these distances, off on the line ab 
from the point a. Through the points thus obtained on ab 
in the tdieer plan, draw lines parallel to the rake of the 
stem. Square dow n the points of intersection of U>e last- 
named lines, writh the level line Q, to the etirresponding 
lines W and X in the half-breadth plan. I..astly, through 
the intersections thus obtained draw a curve, which will 
represent the elliptical round-aft of the stem when cut ho- 
rizontally. Further, os all parallel sections of a cylinder 
arc similar curv es, wc infer that the round-aft just obtained 
will serve fur the ruund-aft of any number of level lines 
drawn above the upper knuckle. 

Tlicrcfore draw Wvel lines above the upper knuckle, at 
a distance of from two to three fec^t apart, ooth in the sheer 
and body plans. Kuii off these level lines in the luilf- 
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breadth plan. Square down the intersections of each ofI-*}init('ff. 
these lines in the sliecr plan, with the midsliip countc*r-tim- 
her, to the middle line of the half-breadth plan. From these 
points draw the licwizontal round-aft of the stem, and the 
intersections of this round-aft with the corresponding level 
lines w ill he the terminations of the said level lines, ^uare 
up these terminations to the respective level lines in llio 
sheer plan, and through these spots draw a curve, whicli 
will he the projection of the after edge of the side counter- 
timber. 

To represent the projection of the side counter-timber in Si<it coun- 
the body plan, take the distances square from the middle 
line in the hulf-breadlh plan of the termination of each level 
line, and transfer these distances to the corresponding level 
lines in the body plan ; through the spots so obtained naas 
a curve, which will represent the required projection oi the 
side counter-timber. (Plate CCCCLIII. ng. 33.) 

Fallowing the previous directions, the decks above the Decks, 
lower deck may now be drawm. 

llic joints of the frames are drawn perpendicular to the 
keel. The previous explanation on the frame-timbers of a 
ship renders any furtlier remarks on this subject unneces- 
sary'. The ports are drawn to the sheer of the ship. Their Ports, 
number, size, and distance apart, of course, depend on the 
determined armament. 

The main-breadth, top-brcadlh, top-side, and other lines, Preodth- 
have been already explained ; and with respect to the chan- ^'“*'** 
nets, head-rails, and other details, our limits preclude the 
possibility of entering into a description. We mu*t there- 
fore conclude our account at present of the sheer plan by 
referring to Plate CCCCL., and procctHl to a brief de- 
scription of the body plan. h'ig. 25 represents the body pl"'* 

Ian. A Itorizontal line is drawn for the upper edge of the 
eel. On this line three perpendiculars are raised, at a dis- 
tance apart equal to half the moulded breadth of the sliip. 

The middle of these three lines represents the middle line of 
the ship, or rather the projection of the vertical longitudinal 
plane w hich divides the ship into two equal parts. The other 
two lines are the boundaries of the ship at the widest part, 
or dead-flat, 0. Tlie curves A, B, C, Ac. in the fore-mtdv, 
mid I, 2, 3, Ac. in the after-body, represent vertical trans- 
verse sections of the ship, at the corresponding joints A, B, 

C, Ac. 1, 2, 3, A’C. in llic sheer plan. It U to be understood 
that these sections corres|>ond to the exterior surface of the 
timbers, on the supposition that tlic plank of the bottom and 
top-side is nut yet on the ship. 

Independent of the joints of the frame, many other lines 
in the body plan originate in the sheer plan, as |x)rt-si!l 
lines, top-hreodth, top-side, water-lines, &c. We shall pre- 
sently describe tiic manner of transfeiTiug them fnnn llic 
sheer to the body plan. But tlicre are other lines which 
may be said to originate in the body plan. Among tliU class 
may be mentioned buttock, bow, and diagonal lines. But- Buttock 
lock lines are vertical lines drawn at discretion at any dis-l‘”®*- 
tance from and jiaralle) to the middle line. They are mark- 
ed Nos. I, 2, 3, Ac. Plate CCCCLII. The position ofUiugoDsls. 
the diagonal lines drawn in tlie body plan is not, however, 
arbitrary, because it has reference to two consideration*, 
the length of the timbers, and the station of the ribbands 
and barpins : thus those marked floor-head, first futtock- 
Iicad, second futtoek*hcad. Ac. sliow the lengtiis of the 
floors and futtocks, togi'ther with the heights of their heatls 
and heels above tlie keel ; w bile tliose marked first sirinark, Ribbaads 
second sirmork, tliird idrniark, Ac. show the heights and snd bar- 
situations of tlic various harpins and ribbands, which arel“°*' 
placed between the heads <d* the respective timbers, in or- 
der to give support to the ship whilst in frame. Fig. 30. 

The half-breadth plan is in most draughts placed below Half- 
the sheer plan, the stations being squared down to its middle breadth 
line. (Plate CrCCI..). Occasionally, however, the upper 
edge of Uie keel in the sheer plan answers to the middle line 
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l^yiajrOff.of the half-brmdih plan, a» in Plates CCCCI>I., CCCCLII.t 
and CCCCLIII. This U generally iImj case in laying off, 
because the dimensions of the mould-lofl flour would not 
admit of any other arrangement. 

Prom the description trf* the draught we proceed to cx- 
fdain the manner of transferring the various lines from one 
|dan to anotlier. 

DagooiU. To run off the diagonals in the half-breatlth plan. From 
the point of intersectitm of the diagonal with the mitldle line 
in the body plan, take tlic distances of the intersi'ction of 
every tim^r with the said diagonal, which distances set 
off on tile corresponding timbers in the half-breadth plan. 
Through the points thus obtained pass a curve, which will 
represent a vertical priyection of the diagonal on the half- 
breadth plan, not in its original position, but afler It is sup- 
posed to revolve until it comes into a hori 2 ontal fiosition. 
The axis of revolution is a lore and oil line }>aranel to the 
keel, being the intersection of the diagonal plane wiUi the 
vertical iungitudina) plane of Uie ship. It rcMtiains to ex- 
plain the method of ending the diagonals ; but before the 
process can be clearly understood, it will be necesi>ary to 
enter into a brief explanation of the rabbets of the stem and 
stern-post. 

lUhbrt* of The upper port of the rabbet of the stem, and also of the 

the fUoj, stem-post, is an equilateral triangle, whose sides are cqiuil to 
the thickness of the bottom plank, the middle of the rabbet 
being lialf the distance betwt'cn the tore and after edges. 
But at the lower part of the stem, although Uie fore part 
o(' the rabbet remains fixed, yet the middle and the afler 
edges vary considerably from their relative positions at the 
upper part 

This variation is technically termed the *' opening of the 
rabbet,** and it arises from tJic alicratiun of the form of the 
body. Thus, if we conceive tlic bow to be of the same 
shape above and below, no alteration would be required in 
the form of the rabbet Again, H' the bow were so sharp 
near tlie keel tliat its horizuntal section becomes a fore and 
afl straight line, then tlic ends of tiie bottom plank should 
be cut off square, and therefore in the slicer plan the middle 
of the rabbet would coincide with the fore edge. Hence 
wc see tlvat the middle uf tlie rabbet iq>pruxiroatea tu or re- 
cedes from tlic fore edge, according to the sliar|mcs5 or ful- 
ness of the tower part of tlic Ixiw. In gener^ it will be 
sufBciendy accurate fur all practical purposes to place the 
middle of the rabbet at the lower part one third its breadth 
from the fore edge, from which point it gradually rc'cvdes 
from the fore edge till it arrives at the upper end of the 
stem, where, as before observed, it is midway betweem Uie 
tore and afler edges. 

The same remarks obviously apply to the rabbets of the 
stem-)x>st and keel ; obser\ ing, that with respect to the 
keel, the rabbc't amidships is an equilateral triangle, the 
middle of which is equidistant between its upper and lower 
edges, whereas forward and ahafl, the projection of the 
middle of the rabbet of tlie keel, in the shiver plan, with 
respect to the low er edge of the rabbet, iiartakcs of a simi- 
lar variation, as before described w ith resiicct to the rabbet 
of the stem. In general it sltould be understood, tliat that 
form of rabbet is to be adopted which most conduces to 
its utility as a security of tlie wooden ends, and the ef- 
ficiency of their caulking, so tliat there slioll be no tendency 
to set off the buts of the plank. 

Ending tbs For detennining tlie endings of the diagonals, it is 

(tugonaU. further necessary to obser\e, that the half siding of the 
stem and stem-post must be drawn in the body plan, to- 
getlier with the depths of their respective rabbets ; observ- 
ing, that with respect to the stem, it is usual to make it of 
a parallel siding from Uie head to the lower side of the 
lower check, in order to afford greater support to the bow- 
sprit and knee of the head. Fmm U>e lower cheek dow n- 
wards it gradually t^Ts to the siding of the keel. The 



stem-post eitfier tapers the wImIc of its lengtli, or is of a I^yiogtMT. 
parallel siding from liic head to the lower side of tlie deck- " 
transom, from wiicnee it tapers to tlie heel. From otir 
preceding remarks, it will be perceived, that in the bi&if- 
breadth plan the upper diagonals will terminate at the at^ 
port of the ralibet of the stem, and the lower diagonals at 
the middle of' the rabbet, ilence there will be an inter- 
mediate point depending on the comparative fulncsa and 
sharpness of the Imw, at which one diagonal will terminate 
both at the middle a.nd at the afler part of the rabbet ; or 
rather this one diagonal will break in fair with both tlie 
middle and afler port of the ralibet. 

To determine tne endings, we proceed thus : In the body 
pliu) take the Iieights of the intersections of the diagonal with 
the outside of the stem, and with the inside of tUc rabbet ; 
transfer these heights to the sheer plan, to the al^er side 
and to the inside of the rabbet ; sq'tare dr>wn these two 
spots to the middle line of tlie half-breadth |>l;un at which 
points raise two perpendiculars; along the diagonal in the 
body plan take the djstAncxw from the middle line to where 
the diagonal intersects the inside of the rabbet and outside 
of the stem, and set tlicee distances off on the correspond- 
ing perpendiculars in the half-breadth {dan; thus will be 
obtained two points, one of w hich will be the termination 
of the diagonal according to the form of the body, as before 
explained. 

Or, in the half breadth plan, with the fore part of the 
rabbet as a centre, and the offer part of the rabbet as a ra- 
dius, describe a portion of a circle, and let the diagonal at 
its termination be a tangent to this circle. The after ends 
of those diogonaU which are below the wing trun»om ter- 
minate in the rabbet of the stem-post, in a similar manner 
to die lore ends in the rabbet vf tne stem. 

The terniinaliun of lliose diagonals w-hich cross the wing- 
transom is thus ex|)lained. In tlic tiody plan, take the dis- 
tance square to the middle line of the intersection of the 
diagonal with the margin. Set this distance off in the half- 
breadth plan, square to tlie middle line, to intersect the 
margin. Through the spots thus obtained draw* a perpen- 
dicular to the middle line, on which perptmUicular set off 
the diagonal distance of the interscx'tion of the diagonal with 
the margin in the body plan. This gives the termination 
required. 

The foregoing remarks will serve to elncidAte the plan W«t«r and 
of terminating water-lines and also all level lines which arcbwl 
below the wing-transom ; excepting dial the dbiances in 
the latter coses are taken Horizontally Insteotlof diagonally. 

To nin off the diagonals in the sheer plan : In the body To run o4T 
plan, take the pcr|R*ndicu]ar heights, that is tin.’ heights «lugDna)< ia 
square to the umior edge of the ktxd, the intersection of*^ 

Uie diagonal with each of the timbers, and transfer tlieso^**®* 
heights to the corresponding timliers in the slieer plan. 

Through the points thus obtained draw a curve, which will 
be the line required. 

These lines terminate forward at the aff side of the rab- 
bet of the stem, and aff at the fore side of the rabbet of 
the poRt, at the respective heights of their intersection in 
the Ixidy plan, w ith the sides of the stem and stern-post. 

lliese line* ore chiefly required in the sheer plan, when 
making a dis|)oeition of the timbers of the frame; as by 
their means we show the heights above the keel, of the floor- 
heads, first futtock-hcads, &c. 

To run off the hurizontal ribbands in the half-breadth The hori- 
plan. Having run off the diagonal planes, as just explain-*®”^ ri*>* 
ed, in their true form, it will be necessary to obtain f^’**"^^*!* 
vertical projections in the half-brcadlli plan, witliout ui“*bTe«hb 
ffining them, as before, to revolve into a horizontal ixwiLioD. plan. 

The diagonals when proji-ctetl according to this second me- 
thod, are called ** horizontal ribbands" 

Observe the points of intersection of the diagonal in the 
body plan with each timber. Take the hcwizonul dUta.'>ce 
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in ihf half’ 

brvadlh 

plan. 



LayinffCHT. of each of these points from the middle line, and transfer 
it on the corresponding timber in the half»breadth plan. 
Through the point# thus obtained draw a curve which will 
terminate hotn forward and abaft on the same lines aa the 
correspomling diagonal, only observing that the distances 
of the termination# must be taken in the l)ody plan hori- 
zontally instead of diagonally. 

Wkter and I'o nm olT level lines and water lines in the Imlftbreadth 
ic*fl liim pUn. Take the horizontal distances, from the middle line 
of the shijs of the interec'ciion of each timber with the 
level or water line in the hodv plan, and set off these dis- 
tances from the middle line of the half-breadth plan on the 
corresponding timbers. Through tiie points thus obtained 
pass a cun e. 

The terminations of these lines below the wing transom 
have been already explained. 

To terminate the aner end of a level line above the wing- 
transom. From the sheer plan M]uare down the intersec- 
tions of the level lltvc with the aft part of the midship and 
side counter-limbers, to the middle line of the lialf-breadth 
plan. From the foremost of the two points tlnis obtained, 
erect a (H‘rpendicular to the middle line, and the point where 
tile rourul-aft of the stem drawn from die aftermost {loiot 
intersects the perpendicular, will be the termination of the 
level line. 

Without further explanation, this method will serve for 
the lerminaticHis of the tO]i-breadth, top-side, port-sill, and 
other similar lines. The fore ends of these lines may ter- 
minate in the half 'breadth of the stem from the middle line. 
Buttot-k and To run off buttock and bow lines in die sheer plan. In 
body and half-breadth plans, buttock and bow lines 
plan. * straight lines parallel to the middle line. To transfer 

them from the body to the sheer plan, proceed thus : in 
the body plan, from the upper e<lge of the keel, take the 
heights of their intersections with each timber, and set off 
these heights on the correSfKmding timbers in the slieer 

f ilan. Through the spots thus obtained pass a curve. Those 
ines which d<) nut cross the wing-transom may terminate 
in the sheiT plan, at die main-breadth line. Those which 
cross the wing-transom terminate at die margin as follows. 
Square up the intersection of the biiUock-Unc with the mar- 
gin of the wing-transom in the half-hreadth plan, to the 
margin in the sheer plan. The s^iot thus obtained deter- 
mines the ending of the buttock-line. 

To run uff the main-breadth line in the sheer and lialf- 
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breath!] plans. In the body plan this line is u curve pass- 
ing thraugh each timber, at its widest part. It is transfer- 
red to die sheer plan by levelling in its inieiwcction w ith each 
timber, to the ctirrespomling timbers ; and it is drawn in the 
half-breadth plan in a manner similar to that before de- 
scribed with respect to water-lines. 

We now suppose die draught is complete, arid that due 
precautions have been taken to make the various curves in 
the three plans perfectly fair. We proceed to ex)>l.t1n the 
method ol laying off the more important {larts of a sliip. 
Transfer- It will be lumecessary to allude to the maimer of transfer- 
rittg VO ih* ring die slieer and body plans from the paper on which they 
are first drawn to a small scale, to the mould-loft, on wliidi 
they are to be delineated the full size of the ship. The pro- 
cess will be sitfficienUy obvious to any intelligent person. We 
will therefore suppose die sheer and body plans transferred 
Furing tlw to the floor of the mould-loft. This being done, the next 
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operation is to fair the body, by horizontal, vertical, and ob- 
lique sections, which is effect^ by running off in the half- 
breadth plan, according to our previous description, level 
lines, buttock-lines, and diagonal lines. 

Jt should be understood, tiiat, forward and aft, it is neces- 
sary to run off a few vmical sections nearer together than 
the oUier sections. This is done on account of the sudden 
curvature in die bow and buttock of a ship. These sec- 
tions, which arc called “ proof timbers,*' may be placed ac- 



cording to discretion ; observing, however, Uiat it is essen- LsvingOff. 
lial to nave one near the end of the wing-transom. 

When the body w perfectly fair on the floor, it becomes Joinu of 
necessary to gel in all the alternate timbers, or rather joints'** 
of the frames, which have been omitted. In the half-breadth 
plan, bisect the s]Nict.‘S between every joint already laid off,* 
and strike in the new joints, which, like the others, will be 
square to the middle line. Then in the half-breadth plan 
lActlic distanci's Irom the middle line, of the intersections 
of these joints with each of the level lines and diagonals, 
and transfer these distances to the corresponding level lines 
and diagonals in the body plan. Thus w ill be obtained a 
seripfi of spots through which curves mu.st be drawn to re- 
present the new joints, when all the moulding edges in the 
body plan will be complete. 

Sup|> 0 !iing the body plan complete, the moulds may be Moulds, 
made tor tlte timbers in the square body. With respect to 
the floors, it is customary for one large mould to contain 
them all, the fore and after bodies being placed on its oppo- 
site sides, 'fliis mould, for lightness and convenience, is 
made of battens; it is connected ut the middle line by a 
pair of hinges, so tliat when not in use it may be shut to- 
gether, and thus occupy only one half the space. In trim- 
ming a floor, after the sjxits arc ubtainc<l Irom the mould 
for its curvature, it U sometimes customary' to apply the ad- 
jacent first futtock-mould through them. Witii res|>c‘ct to 
the futlocks, for the sake of illustration, let us imagine one 
frame of the ship (as starboard, K), instead of consisting of 
a flour, first futlock, second fuUock, third futtock, fourtli 
fiittock, and top-timber, to consist simply of two long tim- 
bers, each extending from the dead-wood to the top of the 
side, one on cither side of the joint. Wore we to make a 
mould to K in the body plan, it is obvious that it would 
give the form of both these imaginary long timbers. The 
only difference In the appliouion of the mould would be, 
tliat in moulding the foremost of these timbers the after 
side of the mould would be uppermost, whereas in moulding 
the after timber, Uic fore side of the mould would be upper- 
most. The reverse w'ould obviously be tlic case in mould- 
ing the larboard timbers. Now-, bearing tliis principle in 
mind, the moulds are made for the various futtocks, con- 
forming in their length to tlie respective diagonals which 
denote the stations of their heads and heels. Tlie scantling 
of the timbers is marked on the moulds, together with the 
stations of the ribbands ai>d bevelling spots. As each edge 
of a mould may be used, one mould answers fur two timbers, 
and tJicir O|>positcs. Where rigid economy U of importance, 

OTK! mould may serve for several futtocks, in which case the 
various joints arc inked on the surface of the mould, and 
are bored through tfic mould to the timber in order to ob- 
tain ita curvature. This incilKxl, however, is not to be ge- 
nerally recommended, because a set of moulds will, with 
care, convert for several ships in succession. 

.After the moulds are made, it is customary to take the BcvrllinK-i. 
bevellings of the square bcaly. This subject will, however, 
be explained generally under the head of cant-timbers, to 
which we now direct the reader's attenlion. 

We have already cxjdalned that the plane of a cant-tim- Laying nff 
l>cr is vcrtic'al, ami inclined at a certain angle to the longi-tkc cani- 
tudinal plane of die sJiip; its projection, therefore, in the 
ha]f-bre:ulth plan, will a straight line inclined to the 
middle line. 

In the disposition of the cant-timbers, strength and eco- 
nomy should be coniudercd ; hence the propriety of dimi- 
nishing their curvature and bevelling as much as possible. 

No particular rule can be laid down for their number and 
disposition, as these must depend on the form of the bow 
ana buttock of the ship. Asa general rule, they should be 
placed as square as possible to the body, and be eaually 
spaced on the inain-brcadlh ami middle lines ; their siaings, 
together with tJie openings between them, or, in other 
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Off words, tlieir “ room and spncf,’* should assitniUte ss near as 
* may be to the square body. The hawae-picccs should be 
•o situated that they may not be too much wounded by tlie 
hawse-holes; and in order that Uic knight>hcads may not 
be injudiciously weakeiieil by the bowsprit, their heads 
should be so{>arated from Uic stem, at least in large sliips, 
by a timber of from six to eight inches siding. 

It should be remarked, that in the square lK>dy every 
other joint only is laid oif, the intermediate joints being 
drawn in olWr the laying off may be said to be complete. 
But in the cant-bodies every joint U laid off, each joint, as 
in the square body, serv ing tn mould the adjacent timbers 
on its fore and after sides. Still, if the opening between 
the timbers uf a cant-frame should be very great, it wiuild 
be mure accurate to strike in the openings on the half- 
breadth plan, and to lay off each timber independent of the 
other, t!mt is to say, the after edge of the foremost, and 
the fore edge of the aftermosit timber. 

Suppo.>!ing the diDposilion of the fore and after cant-bo- 
dies completcnl as in the fmlf-bre*Mlth plani( Plates t’CCCLL 
and CCCCLII.), in which the joints of iJic cjint-framcs are 
marked e, we nroceetl to lay them olf in the body plan. 
This U generally done by one of two methods ; either by 
horizontal ribltands, or by level lines. \Vc must here re- 
mind the reader, Uiat (he acjuarc timbers in tlic body plan, 
as A, H, C, &Cn I, &C,, arc nut only projections of the 
same timbers in the shc'cr plan, but they arc absolutely tlm 
real sh«|)e of the said timbers, an the supposition that the 
ship was cut asunder athwartslu|>s at those stations. Now, 
if we conceive a vertical section of the bow to be made, not 
athwartshipo. but in the direction of Uie plane of a cant- 
timbcT, as W, i*late CCCCI.I. fig. 27, and if we project 
tliis section to the body plan, this projection will not be 
the shape of the cant-tlmber. Htjl if keeping the plajie of 
the cant-timber W fixetl at its vertical intersection with the 



longitudinal plane, we make it revolve round Uic said in- 
tersc‘ction as an axis until it comes atliwartships, and if in 
Its new position we project it from the sheer plan into the 
body plan, then, as in the s(|uare boily, w*c not only obtain 
a projection, but also tlic true form of the timber, to which 
a mould nuiy be made for trimming it. We sliall now ex- 

f dain the manner uf performing this ingenious process, se- 
eding as an example the cant-timber \V in the fore body. 
hsfinaoiT To lay off* cant-timbers by horizontal ribbands. Observe 
byborutm-Uic intersedion of the cant-limber, marked W, with the 
t«i nb- upper horizontal ribband in the half-breaxlth plan, Plate 

‘ ’ CCCCId. ; take the nearest or perpendicular distance of 

this point from the middle line; set this distance off hori- 
zontally from the middle line of the hodv plan, so as just to 
intersect the corresponding diagonal. In like manner, ob- 
tain similar from the remaining horizontal ribbands 

in the half-brcadtli plan on all the other diagonals in the 
body plan, and if through the spots so obtained a curve 
w'cre draw n, this curve w ould be the projection, not the true 
shape, of the cant-timber. Next through all the above- 
named spots on the diagonals in the liody plan, draw ho- 
rizontal tines. In the half-breadth plan, take the distances 
along the cant-timbcr from where it interseds the middle 
line to iu intersection with each of the liorizuntal ribtiands. 
Transfer these distances to the bod^* plan, by setting them 
off* from Uic middle line, on each of the corresponding ho- 
rizontal lines before named. Lastly, through the f^ts so 
obtained pass a curv'c, which curve will be the absolute 
sha|ie of the cant-timber, w Inch has thus been mode to re- 
volve round the point W’ in the half-breadth plan, from its 
original posiUon, which was oblique to the middle line, until 
it came into an athwartship position, or square to the mid- 
dle line. 

Wc have thus delineated the form of Uie cant-timber at 
and below the upper diagonal. To obtain form at the 
top-side, proceed thus- In the half-broadUi plan, square up 



Uie intersection of the cant-timbcr with the main-breadth I*a>ing Oif. 
line, to the corresponding main-breadth line in the sheer 
plan. Transfer the height so obtained to the middle line 
of the body plan, through which (>oint draw a level line. . 

In the half-breadth plan, lake tlic distance in the direction 
of the caiit-tiinher, from its intersection with Uic middle 
line to its intersection with the moin-breudlh line, and set 
off Uic same distance from the middle line of the body plan, 
along the level line just drawn. Proceed in like tuanner 
with respect to the top-breadUi, top-side, port-sill, or any 
other similar lines, and we thus procure a series of spots 
througli which the cant-tinilier may be contiaued Ironi be- 
low. 

To obtain the ending of the timber. Draw in the beanl- EiHiing tb« 
ing line or the half thickness of the dead-wood in the half-t^obcn. 
hicadth plan, parallel to the middle line. Square up the 
intersection of the cant-timber with this bearding line, to 
the bearding line in the sheer plan. Level in this height 
to the middle line of Uic body plan, where a horizontal line 
must he drawn, on which line set olf from the half-breadth 
plan the distance between the intersection of the cant- 
timbcr with the middle line, and its intersection wiUi Uie 
bearding line. The spot thus obtained delcniiines the end- 
ing of the timber. 

Having laid off the moulding edge of W, we procf>ed tonrvellu;g 
lay off its bevelling eilges. Parallel to and on either side of 
the joint NV, draw two lines nr, to represent the sUIings 
of tne adjacent timbers. The ude extremities of these lines 
terminate like the joint at the top-breadth line ; their mid- 
sliip extremities arc bounded by a small line ab drawn at 
right angles to the joint W at its intersection w ith the middle 
line. 

In our former description we suppose*! the joint of the 
timber to revolve round the point W, until it, the joint, 
c*ame into an athwartshiii position. Now, instead of ima- 
gining the joint only to be thus circumstanced, let us sup- 
pose the whole cant-frame to revolve round the jxiint W j 
inwhich case the bevelling edges will become atliwart- 
ship lines, and ah will bi^omc a fore and aft line, and may 
be regarded as the mUUlle line, or rather a small port of the 
mkldle line, of the sliip. Hence, in laying off the two bevel- 
ling edges tit, M, we proceed a# w as before describeil for 
the joint, with this exception, that we lake the cant dis- 
tances along ac, M, from the ixiints a and b, instead of, as 
before, from the )>uii)t W, at tlie middle line. 

Tlic bevelling eilges are delineated, as just explained, in IWvrIHrg 
the body plan, in w hich plan they fall without, coincide with,ofciiD(- 
or fall within, the joint ; ami these three conditions deter- 
mine whcthcT the timber has a standing, square, or under 
bevelling. Therefore, aerosa a board the bri*adtli of which 
is eqiml tn the siding of the timber, draw a line square to 
its edge*. In the body plan, at the various bevelling spots, 
as sirinarks, port -sills, luails &c. take the neari'st distanct* 
of the joint from the bevelling eilges, and set Uiesc distances 
on the right-hand side of the hoard, either above nr below 
Uie square line, according as the bevellings are standing or 
under. Then join the )>oints so obtained, and the intersec- 
tion of the square line, with the lel\-hand side of the board. 

The angle's formed by the left-hand side of the board, and 
the various lines bctoh the board, demote the respective 
bevellings at the eorrcs(»onding stations in the body plan, 
which bevellings will be applic*d square to the curve of the 
timber. 

For trimming and cutting off the heel two bevcllinn are Ileett of 
necessary. The bevelling against Uie dead-wood is wniply«n**«'“n* 
the angle formed in the half-breadth plan by the direction 
of the timber and a fore and aft line, and is therefore taken 
by pLicing Uie stock of a bevel to Uic 0*001 of the timber, 
and the tongue to the bearding line. 

To obtain the bevelling for cutting off the heel against 
the stepping. S«;uare up from the lialf-brcadth plan to the 
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8>»cer plan, ihc inlcrwction of ihc joint of the cant»timhpr 
with the bi'ardiug line. From this point in the sheer plan 
erect a pcrpcmdicuJar to the keel. iMace the stuck of the 
bevel to thi» perpendicular, and tJic tongue to the direction 
of the !»tef^ing line, and the re<)uircd bevelling is obLuined. 

To lay off the cant^timlierii by level lines. The reader 
will ob»er\'e that two processes were necessary in laying off 
cant* timbers by the horiitontal ribbands ^ for, first, we had 
to take the Mpuire distances of the intersecliim of the limber 
with each horizontal ribband from the middle line in the 
haif-brcadtli plan, and transfer tbese distances to the cor- 
rtfSiMnding duigunaU in tlic IxhIv plan ; and, secondly, we 
liad to take the oblique or cant distances of the timber with 
tl^ same liorizontal ribbands in tlic luilf*brcadlh plan, and 
transfer tlieni to the body plan. Hut the method of laying 
off these timbers by level lines is far more simple, only 
one process being required. Thus, to lay off the joint of , 
lake the cant diatiuiccs from the middle line in the half 
breadth phm to the iiitcrsectioii of tlic joint with each level 
line, and transfer these distances from the middle line of 
the Inxly plan, along each of the corresponding level lines. 
A curve tiirough the spots thus obtmoed gives the true form 
of the timber. 

In considering tliese two methods of laying off cant-tim- 
bers, tlic reader will remark, that Uie difference between 
tJiem consists in Uiis fiariic-ular, via. in the first method, or 
by horixontal ribbands, Uic lieighu in the body plan along 
which the cant dlslanc'ca are set off, are procured from the 
Kalf'breadlh plan ; whereas in the sec^md method, or by level 
lines, these heights arc already given in the l>udy plan. 

But it may be naturally n:^ed, which is the preferable 
method ? To Uiii we reply, if the student can rely on the 
fidelity of his labours, let him by all means lay off Uie cant- 
budies by level lines ; if, however, he mistrusts tlic accuracy 
of Ids work, let bitn adopt the plan by liorizontal ribbands. 
The rea.son of this opinion is, tluil as the level tines cut the 
body obli4]ueIy, any inaccuracy U more magnified by tliem 
than by the diagonals, which cut tlie iKidy nearly at right 
angles. With this explanation, we leave tlie dioicc of' Uiese 
platii to the discretion of the student. 

The bevelling edges arc laid off by level lines in the same 
manner as the joint, except, as in the former metho<l, the 
cant distances are taken from the points a and 6, instead of 
from the point W. The bcvcIlinMof the timber are taken 
as explained in the former mctfiod. 

To obtain tlie prinettiiin of tlie cant-timbers in the sliecr 
plan. S<]uare up the intersections of the timber with any 
of the lines except diagonals, in tlie lialf-hreadth ])lan. 
Diagonals are cxccjited, bettauMi in the fiolf-breadth plan 
they arc not in their natural position, but arc Bup(wscd to 
revolve into a liorizontal position before they are projected 
into this ulau. Througli Uie spots thus obtained |toes a 
curve, and we obtain the jirojeclion required. 

This operation is necessary' for a variety of purposes. 
Thus the projection of the iWhion-pieces into tne sheer 
plan, shows Uie Iwundary of the ends of the trunsums. 
(Flates CCCCI.il. and CCCCT.III.) A like prujection of 
the other cant-timbers in tlic fore ami ader cant-bodies, sliows 
tlie arrangement of the heads and becU of the cant-tiinbers, 
and their disposition with respect to Uie bow and offer porta. 

To lay off the transoms. As the emis of the transoms are 
bounde<f by the fashion ‘pieces, it becomes nect*8sary to ob- 
tain the projectinn of the fasl)ion>pteces in the sheer and 
body plans. This is done as jweviously describerl with re- 
spect to any other cant-timbers. In Plate CCCCLII. the 
transoms are projected into the half-breaiUh plan ; but as 
this creates confusion from the multiplicity of linos, it is 
customary' to lay off tlie transoms by themselves, and to sliow 
both sides of Uic ship. WiUi this view Plato CCCCLIII. 
is drawn, where fig. represents the plan of the transoms 
in wiiich the square timl^rs 29, 31, the buttock-lines 1, 



2, 3. 4, 5, the middle line, the bearding of the port, the Iayis tgOff» 
fashion-pieces, an<l tlie wing-transom, arc transferred from 
the half-breadUi plan. 

In the slieer plan, where Uie wing-transom intersects the 
fore part of Uie rabbet, a line is drawn at right angles to Uic 
keel. 7*his line is called tlic perpendicular to the transoms. 

A corresponding line is drawn in the plan of the transoms. 

Transoms may generally be divined into four kinds. 

Iz/, Those which have a round-up and a sheer: 2/f, those 
which have a round-up and no sheer: Stl, those which 
liave neither a round-up nor a sheer, their upper and 
lower sides being level both otliwartships and fore and 
afl : Uicy ore called horizontal transoms : and, Uiose 
which arc square to the stern-post, or rather as square to 
the body os they can be drawn. These are called cant- 
transoms ; their upper and lower sides are planes. 

The deck-transom must necessarily have the round-up 
and sheiT of the deck. We liave sujiposed the wing and 
filling transotiH alto to have a round-up atwl sheer to tliem, 
although Uiey arc sometimes designed, jiarticuhirly insnuil 
ships, without any sheer. It is customary to distinguish 
the transoms under Uie dcck-trunMim as No. 1, 2, 3, A*c. 

They are delineated in fig. 3 1 as horizontal transoms ; occa- 
sionally, however, they are canted, as .AH, Plate CCCCLII. 
tig. 29. 

From the nature of horizontal transoms, os previously cx- Laying o<r 
plained, they will be rc|>resentcd in the sheer and bodyl'"""®^ 
plans by level lines. (Figs. 31 and 3.3.) Tfiis being dotie,*'**^““* 
we have next to make a liorizonta! section of the ship, at 
Uie upper side of each of thei>e transoms, which will of 
course give the curves to which the moulds are to lie 
made. .As tlie offer |iart of the transoms is terminated 
either by the fore side of the rabbet, or by the bearding 
line of the stern-post, in the slieer plan take tlie distance 
from the interK'Ction of the up])cr side of the transom with 
the fore part of the rabbet, or wiUi the bearding line, to 
Uie {>crpcnciicular of the transoms. Set this distance off 
in the plan of tlie transoms, on each bearding line sc|uarc 
from the perpendicular to (be transoms, then by joining 
these two points we obtain the affer part of the transom 
amidships. .Again, in the sheer plan, observe the inter- 
section of the upfier edge of the transom with each but- 
tock-line. Take the distances of these intersections from 
the {>er|>endicu)ar to the (ransoms; transfer the said dis- 
tances to the plan of the tnuisoma, by setting them off 
from the perpendicular to the transoms on the correspond- 
ing buttock-lines. A curve line passing through these 
spots will give the form of the upper aifer-edge of Uip 
transom. The accuracy of (his curve may be tested thus. 

In the body plan, take the distances from the middle line 
of UiC intersc'Ction of the upfier side of Uie horizontal tran- 
som with each square Umber, transfer these distances from 
Uie middle line on each square timber in the jilan of the 
(ransoms ; (he s}>ots so obiaiiiL'd ought to correspond with 
the curve drawn by means of the buttock- lines. 

To lay off a transom which has a round-up and a sheer, 
it sliould be understood that the mould given to the work-wiiii a 
men for trimming the transom to its round-up is generally 
a circular arc, applied square to the sheer; and that the ***^ *^“*'* 
mould for trimming it to its round-af\ is applied flat upon 
and bent round its upper surface. 

In the sheer plan, at the Iieight of the Intersection of the 
middle of the transom with tlw* furc part of Uie rabbet of 
Uie post, draw a line to the sheer of the transom. Con- 
tinue this sheer line until it meets the perpendicular to the 
transoms, at which point draw a line downwards at right 
angli>s to the sheer line. Fig. 31. 

In the body plan, at the height of the up^icr side of the 
transom aroidsliips, draw a level line; draw also a circular 
arc to Uie round-down of the transom, square to the sheer, 
the before-named level line being a (angeut to Uiis arc ; 
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(«ch buttock'Une tike the disunce« of the level line 
from the arc, and set tliem olf in the sheer plan, upon the 
line drawn K|iutre to the sheer of the iranaorn, below the 
point of intersection of the snuare and sheer line** From 
these points draw lines parallel to the sheer, and where they 
cut the corres|tonding buttock-ltnes, draw a curve which 
will represent the rotmd*down of the transom below the 
sheer. To transfer this curve to the body plan, level in 
its inu'rscction witJi each buttock-Une in the slicer plan to 
the corresponding butlock*Unes in the body plan ; through 
the (Miinta thus obtained pass a ctirve. *1 u delineate the 
curve in the plan of the transoms to which the mould is 
to be made, proceed thus. In the »heor plan, observe the 
wints of intersection of the sheer«Uncs with the buttock* 
incs ; take the distances of these points in the direction 
of tlie sheer to the line drawn at right angles w ith the 
^!lee^. Transfer th««se distances to the plan of the tran- 
soms by setting them (dV on each buttock*line, from the 
perpcmiiculdr to the transoms. Through the points thus 
obtained jiass a curve, w hich will represent the mould for 
the upper after-«lge of the transom. This curve may be 
corrected, by means of lltc square timbers, on the principle 
before explaJiied with res})cct to the horizontal transoms. 
We may here remark, that, strictly spt'oking, liie buttock- 
lines in fig. 32 should have been cx[anded, by taking their 
distances from the middle line in tiie body plan round the 
curve of the transom, and transferring them to the plan of 
the transoms. But as the variation would be very' trifling, 
this o|)eratinn ti unnecessary* in |Hracfice. 

LftTiog ofT To lay oif a cant-transom. In the sheer plan, from the 
« c4Jit-ixan-|>erpendicu]ar to llie transoms, take tlie distances along the 
•®“* upper siile ol‘ tJ»e (ransom to the intersection of the upper 
side with each buttock* line and with tlie bearding line. 
Set these distance* off in the plan of the transoms, on the 
corresponding buttock and bearding lines, from the per- 
pendicular to the transoms. A curve tiirough these S}ioU 
will give tlie form of the lran'«>m. 

To test the accuracy of tins curve, tn the slic'cr plan 
project the heights of the intersections of the upper sides of 
the transom with the square timbers and buttock-lines, to 
the cofTCsponditig timbers and huttoek-linca in the body 
plan. A curve passed through the sjioU thus obtained will 
represent the transom in the body plan. Next, in the sheer 
plan, from the perpendicular to the transoms take the cant 
distances of the intersections of the transom with the square 
timbers and with the fashioa-niece. Set olf these distances 
in the plan ot* the transoms, from the peqiendicular to the 
transoms, and through the spots draw lines |iara)lel to 
(he said perpi tKlicular In the body plan take tlic horizon- 
tal distances from tlie middle line, to the intersections of 
the transoms with each s(|uare timber and square fashion- 
piece. loutly, in the pl.an of the transoms set oH' these 
distances from tlie middle line on the lines just drawn, pa- 
rallel to the perpendicular of the transoms. The spots 
thus obtained should corresjxmd with tlic curve previously 
drawn by means of tJic buttuckdinen. 

Itrireninfi The levellings of tlic transoms may be taken in the sheer 
ei tbf trsn* plan from the iHittock-lines, by placing the stock of the 
bevel ill tlic direction of the upper surlace of the transom, 
and the tongue in tlie direction of thc' buttock-line. In 
this case the stock of the bevel must, when applied, be placed 
in a fore and afl direction. 

if it be thought more desirable to K't olf Uie bevellings 
square to the curve, it will first be necessary to lay oS* the 
under sides of the transoms, as before described w ith rc- 
spact to their up]>er sides. This being dune, in the plan of 
the transoms take the slioftc^sl distance apart of tlie up{icr 
and lower tides of tlic transom, at any assigned station. 
This distance denotes how much Uie transom is undiT a 
square in its depth, and tliercforc determines tlic bevelling 
at the assigned station. 



With respect to tlic w ing-transom, it must be observed. Laying Off 
that the margin is of a parallel depth all round. The be- 
veiling of the margin conlorras to the direction of the forc^^^^i" 
side of the rabliet of Uie Below the margin the 

veilings are taken as before d«'scrihed. 

Moulds may be made to the afYer lower edges of the Mould* to 
transniTW, which moulds are applied on the under surfaces,^* 
through the sjwts obtained from the bev ellings. som*. 

W'e (dial) next proceed to lay off the side comiicr-tiiiibers. k off 
We have already explained ihe manner of obtaining the ‘*** •'<*• 
projc'ction of the after edge of the side counter-timber 
the sheer and body plans. Tlie fore ctige is draw-n in the 
sheer plan by setting off from the alter edge the intended 
size or moulding of tlic timber. Tu draw the fore edge in 
the body plan, square down from tlie sheer plan the points 
wlierc it cuts the various level lines, to the corresponding 
level lines in the half-breadth plan; take the half breadths 
of the ship at the points thus obtained, and transfer these 
half'brcodihs to the body plan on the corresponding level 
lines. Hence wc obtain the projection of tlie fore edge uf 
the tide counter-limber in the b^y plan. 

Now it is evident that the lines in the sheer plan repre- 
senting the fore and after edges of the side cotmter-tiniber 
do not give its true form, and that, on account of' the tum- 
bling home of the tide, a mould made to the above lines 
would be sliorter than the timber itself. Hence it beiomi'S 
necessary to ex(mnd the timber, by making it revolve on a 
iiorizontal axis at the lieel until it bi-eouies vertical. This 

f iroccM U thus perfunned. In tlie body plan draw a straight 
ine, about three fourtlis of an inch from the upper and low er 
jiart of the fore edge of the side counter-timber, as seen in 
fig. 33, Flatc C'CC'CLin. This straight line represents 
the uppi'r side of (he mould; its lower end terminates on 
the level line of tlie w ing-transom at the side : it is marked, 
in figs. 31 and S3, ** base.” Having all tlic level lines 
marked on this line, imagine it to revolve round its lower 
end until it comes into a vertical position ; mark in the 
level lines in their new tituation, ana tr:m%ftr them to tiie 
sheer pUn. in which plan the intersections of the edges of 
the side cminlcr-timber wiUi tlie original level lines sre to 
be squartti up by perpendicular lines to the new level lines. 

Through the |X>inis tnus obtained draw curves for tlic fore 
and after edges of the side counter-timber in their expand- 
ed or verticiu |>c&iliun. To Uicsc curves the mould must be 
luatie. 

Next, in the body plan, take the <listances along the va- 
rious level lines, from the straight line representing the 
mould, to the fore and afttT eiiges of the timber. In tlie 
tiiccr plan let the dUtancoi just taken from the body pUn 
be marke<l u|Km the fore ami after edges of tl'c mouhl at 
the new or ex|iaiidetl level hues. Wlien the muuld U aji- 
plied oil the timber, these distances or >piling» are set eff 
ill the direction of the tumbling home. After the outride 
uf tiic timbiT is completed, the inside may coiilbrm to tiie 
scantling of the top-side. 

Wc may observe, that instead of the spilinga iH'ing mark- 
ed on the mould, brackets are sometimes nailed on the 
mould, corresponding to tiiu spilings. These brackets are 
shown in fig. 31, marked b. In this case, when the outside 
of the side counter-timber is complete*), the under ulge of 
eacli brocket exactly conforms to tlie timber. For llie sake 
of iliuslratioii, brackets are also shown in fig. 

To take the bevellings of the tide-counter timber fromD^reUin^. 
the half- breadth plan, phice the slock of the bevel to a fore 
and aft line, and the tongue to the horizontal rcmml-aft of 
tiic various level lines. In applying these bevellings the 
stock is placed on the mould to the level lines, and ti.e 
Umgtie is pldcttl in the direction of the tumbling home. 

\\ e liavf thus described some of the jirincijial operatiens 
in laying off. We have endeavoured rather to illustrate 
Uic general principles tiian the details of the subject ; and 
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*^lhoug!i in thi» &liort treatise many things are nccepwily 

^ ^". oniittetl which arc of importance, as illustrative cxam[>le» 
of Uu' art of laying off, it w til he found to embrace all those 
points which arc likely to occur in the ship- building of the 
present day» or at lea&t render them comparatively easy. 

Practical BuiUling* 

Ship-buUd* We now come to tlic consideration of the branch of our 
subject to which the term “ sfiip building" may be correct- 
ly applied ; that is, the mechanical construction of the fa- 
bric of a ship. We have already, in the preliminary re- 
inarks to the ** Laying Off*,” described generally the rela- 
tive {>ositiun of the principal timbers which compose the 
frame-work of the hull, and that are necessary to give die 
contour of the body. Technically speaking, it is usual only 
to aj)f»ly the term limbers to Uie frame-timbm of a ship. 
We sfiall, howei'er, for the sake of perspicuity and brevity 
of description, arlojit the term as one ot more general aj>- 
plication, and use it to designate the larger pieces of wood- 
work which enter into the corutructiou of the hull. Pre- 
vimisly to any detail, we shall meuiton severally the various 
internal timbers used as supports and ties to the frame, and 
the combinations of external and internal [ilonk by wliich 
it is covered. This is necessary in order to render the 
suhsfxiuent descriptions intelligible to those unacquainted 
w ith the tetthnical names used in ship-building. W9 must 
also refer our rt'aders to the plates which are intended to 
< illustrate tins fuirt of our article, for much infbrnuitiun that 
may be more easily obtained from tliem ilian from descrip- 
tion. 

t>efini- The apron is fayed (or fitted) to the after side of the 

tioofa stem, and is intended to give shift to iu 8Corph< ; the lower 
end Bcarfihs to Uie dead-wo(Kl. The keelson is an iiitenml 
longitudinal range of timbers, situated immeiiiatcly over 
the keel, and fayed to tlie inside of the tltruals of the 
fioors, its use being to give shift to the scarphsof the keel, 
and to secure the frames down to the dead-wood. The 
foremost end of the keelson scarph.s to the stemson, which 
is intended to give sltift to the ** boxing scarph," or con- 
nexion between the stem and keel. The after end of the 
keelson formerly scarphed to the stenison, a timber which, 
in a similar nuimier a)t, strengthens the eoflucxion betwi‘in 
the ked and stem-post. The keilson Ls now generally 
rounded off sliort of the heel of the sternson, and latterly 
tlir boxing scarph of the stem lias liecn discontinued. The 
additional keelsons, sometimes also called sUter-kcelsons, 
are timbers brought on the inside of the frame on each side of 
the keelson, to receive and to diffuse the weight of the main- 
mast. Timbers which cross the stemsen or keelson for- 
ward, for tlic purpose of connecting the two sides of the 
stiip, are called hooks. Those which are placed to receive 
the ends of the decks are called deck-hooks. Timbers w hich 
for a similar puiposc cross the sternson or keelson aft, arc 
called crutches. These liooks and crutches arc frequently 
combinations of timbi'T, or of timber and iron They arc 
tlien formed of two half hooks called ckeings, and the 
middle or connecting piece. Timbers which are fayed to 
the inside of the frame, or upon die inside plank, solely for 
the i)urfK>»e of sup(Xirting the frame, are callcxl riders. 
Timbers which in a square stern fay to the fronts of the 
transoms, and run forward to strengthen the connexion be- 
tween the stern and the ship’s side, arc called sleepers. 
The two sides of tlie sliip are prevented from cullafwing by 
transverse liml>crs called beams, which are gener^ly con- 
nected at their ends to the sliip’s side by knees eitlier of 
wood or iron. The beams are spaced, first witli reference 
to the masuhotes, to the hatchways, laddcrways, or pas- 
s.tge« from deck to deck, and other arrangements connected 
with the economy of the sliip, and then in reference to the 
ports, that they may afford support to the artillery. 



Those beams which do not extend from one side of the Prsetiral 
ship to the other are called half-beams ; they are placed in building. 
intervals between the beams that would otherwise be loo 
devoid of support for tlie plank of Uie deck, which is Lid 
on the upper surface of the beams, and called the flat of 
the deck. Timbers worki^d round the interior of tlie ship 
for tlie purjKise of receiving the beams of the several decks 
are called t^hclves to tliese decks; and those timbers which 
arc worketl utwn Uie ends of tlie beams, and also round the 
interior of the sliip, ore colled water-ways; thus, gun-deek 
shelf, gun-deck water-way, or upper deck shelf, upper deck 
water-way. Cliocks, internally, ore timbers bnuight under 
tlic ends of the beams, or under the shelf tliat is imme- 
diately beneath the beams, tu support them, and to receive 
the bolt* of the knees which conircct their ends witli the 
ship’s side. A chock is a name apjihed very generally to 
any piece of timber filling an interval, or supplying a «lcfi- 
ciency in any of the combinations, either of timber, nr of 
timber and iron. Hits ore timbers |»rojecting through the 
decks, either vertically or slightly incUned, and arc used fur 
facilitating the management of the ropes for the rigging. 

Tlie riding-bits arc fur securing tlic cable when tlic sliip is 
riding at anchor. Standards, generally, now, arc timbers 
used for support*, as to the bit*. On tlie old system of 
building, standards w ere sometimes placed where they could 
only act as tiew, os tlie standard to the stern. There were 
also standard-knees on the decks, both to support and tie 
the ship’s sides. 

The plonk, botli external and internal, is of various thick- 
nesses : A thick straLe, or a combination of several thick 
strokes, being worked wherever it has been supposed that 
the frame required particular support; as internally, over 
tlic heads and heels of the timbers ; both externally and 
intenially between the ranges of port* ; and internally, to 
support the connexion of the beams with tlie side. 

Of the internal planking, Uie lowest stroke or combina- 
tion of strokes in the hold is called the limber-strakc. A 
limber is a passage for water, of which there is one tiirough- 
out the length of the ship on each side of the keelson, in 
order tliat any leakage may find its way to the pumps ; aod 
it is from Uiis tliat tlie limber-stnd<c takes its name. A 
stroke of planking is a range of planks abutting againiit eaclt 
other, and exte^ing, excepting in particular cases tu be 
afterwards mentioned, tlie whole length of the ship. 

The whole of the plank in the hold is called ceiling. 

Those btrakes which come over tlie heads and het'U of the 
timbers are worktxl thicker than the general thickness of 
Uie ceiling, and are distingublutl .i* the thick strokes over 
the sevenu head*. The strakes under the ends of the beams 
of the different decks, and down to the port* of the deck 
below, if there be any ports, are called the clamps of the 
decks to the bciuns of which they are supports; a* the 
gun-deck danqis, roiddle-dcck clam|i». The strakes which 
work up tu the cills of the purls of the several decks are 
caked the spirketing of Uiosc decks, ns gun-deck spirkcling, 
upper-deck spirketing. The upper strokes of planks, or 
assemblages of external planks, are caked tlie sheer strakes. 

The strakes between Uie several ranges of poru, beginning 
firom under the ujqicr-deck port* of a three-decked ship, 
are called the channel-wale, the middle- wale, and the main- 
wale. The strake immediately above the main-walc is 
culled the black strake. The strakes below the main-wale 
diminish from the thickness of Uie nuun-wale to the thick- 
ness of the plonk of tlie bottom, and ore therefore called the 
diminisliing strokes. The lowest strake of (he plank of tlic 
bottom, that of which the edge is in tlie rabbe t of the keel, 
is called the garboord. In merchant-shi^is the rabbit is 
generally w orked out of the middle of Uie side of the keel, 
and nut. os iu sliip* of war, at the u|q>cr port of the snle. 

Several methods of working this garlioard, and the lower 
Btrakes of the bottom, have been lately adupUxl. both in the 
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I’fHctic*! royal and in the mercantile shif»p5njr. One of thc*e pUn-s 
fifj. 37, Plate CCCCLI V., called " Ung** wfety keel," 
from the inventor, Mr [*ang. the maaier shipwright of Wool- 
wich yard, has, wc believe, been very extensively applied to 
the kceU and garboardsof steam-boata; and several of Her 
Majesty's sliips have bi‘en built with their garhoartU »o 
worked. A represents the keelson, B the floor-limber, C 
the keel, D the outer keel, E the faUe keel, F, F solid 
pieces continued fore and aft the vewel, a* substitutes for 
the chocks on the floors and the planking of the bottom. 

The pieces of timber, either securcil or placed to re- 
ceive the heels of tlie several masts, are callea steps, as the 
main, fore, or mizen step. The heel of the bowsprit is also, in 
small sometime's on a step. In general, the bows{Ait 
sle|>s on a frame-woTk, called the bowsprit partner*. The 
frame-work of limber which is formed round the mast-holes 
in each deck is called ln.^jit-par 1 nprs. Partners generally, 
are the princifKt] timbers in a framing formeil for the support 
of any thing passing through a dock, as the nvvit^ and cap- 
stans. Carlings are pietxs of timber forming a part of the 
framing tor a deck, iring in a fore and aft direction, and 
from b^i to beam, to receive the half beams, to aid in 
supporting tlie deck, and (or various other pur{>oses. Ledges 
are pieces also forming a (i«rt of the fnuniiig of u deck, ge- 
nerally smaller than Carling*, and wliich are placed athwart- 
shipa in the same direction as the beams. Coamings arc 

f »iecc* of timber generally faying on cariings and raised 
liglier than tlie flat of tlie deck, forming tlic fore and aft 
boundaries to openings in it, as hatch or ladder ways. I lead- 
ledges in the some manner form the aliiwartship boundaries 
to these several openings. 

The knee of the head, which has been already inciden- 
tally noticed in the laying ofl*, is a prolongation of the fore 
part of the ship, ]>rinci|>ally of use as a security for the bow- 
sprit, which is firmly l^hed to it by fiortirnis of the rigging, 
<^led the gammoning and the bob stays. The checks arc 
knees favcsl on eadi side of the knee of the head, and also 
against the bows, in tlie direction of the altcer, in order to 
aiford siip(K)rt to the knee of the head. 

We do not profess llial this is a perfect list of the com- 
ponents of the hull of a ship. We have merely enumerated 
some of the more im|x>rtant pieces, or combination*, of lim- 
ber, the names of which may occur again in our further re- 
marks. It would be impossible, in an article so limited in 
extent os the present, to enter much into the detail of prac- 
tical building. We *hall content ourselve* with eiuleavour- 
ing to illustrate some few general jwinctple*, w'hich may 
guide die practical builder in hU arrangements. 

There are aevcrol very voluminous works explanatory of 
tlie dt*tail of practical ship-huilding. By far the most |h.t- 
lect information on the practice, a* it exists in Her Majesty's 
yards, will be (bund in the veiy excellent plaU*s to Fincham* 
Outline of Ship-Building. We iK-lieve the most modem 
work on the construction of the njcrcantile navy is Iled- 
derwick’s Treatise on Naval Architecture, wliich exmtain* 
very minute details of the practical building in the mer- 
cliants' yards. 

l'»turh ng We shall now consider the most important disturbing 
lofO-s. forces which are in action, either to injure or to destroy die 
several combinations of the hull of a shin. Some of these 
tbrees are inherent to the form of the body, wliile odiers 
are only brought into action when the body is in mulimi. 
In the theoretical portion of this article it bus been ex- 
plained, that w hen the ship is at rest on still water, the to- 
tal wciglit of the vessel is equal to the upward pressure of 
the water ; but it does not necessarily follow, iliat the weight 
of every {lortion of the vessel shall be ecpial to the upw.'uxi 
pressure of that portion of water w hich U immediately t»c- 
neaih it. On die contrarv’, the slui|)e of the body is such, 
irwt these weights and pressures are very unequal. We 
will suppose die vessel to be divided by transverse vertical 



sections into a number of lamine of equal thickness, w hich rnwttral 
will all lie perpendicular to the vertical longitudinal section. Buil dmc- 
It is evident that the after lamina; comprised in the over- 
hanging stem above water, and the fore lamins comprised 
in all the projecting head, also above water, cannot be sup- 
ported by any upward pressure from the fluid, hut their 
weight must be wholly sustained by their connexion with 
the supported {lart of the ship. The lamins toward* each 
extremity immediately contiguous to these can evideiuly 
derive a very small portion of ilieir support from the water ; 
but as their stations in both the fore and the after bodies 
approach towards the middle of the ship's length, a greater 
proportionate bulk is immerscHl, and the upwoi^ pressure of 
the water is increased ; so that at some certain station from 
the middle of the length in each body, the upward pre-ssure 
will equal the weight of tlie superincumbent lamina, and 
all the lamina; comprising that portion of the body bi'tween 
tlu'sc two Rlaticms will be subjected to an cxccws of pressure 
above their weight, tending to force tliem upwards, whicli 
upwanl pressure will be the greatest at the lamina having 
the g^eate^;l .transverse area of sertion. 

Now, as we know that the total pressure upwards is equal 
to the total weight of the vessel, this execs* of upward jires- 
sure, to whidi the midship part of the length of the body is 
subjected, must be just equiu to tlie excesa of weight over the 
upward pressure in the parts of the vessel before and aliaft 
those kiiiiiwe at which we have represented the pressure and 
weight to be in equilibrio. 

A ship floating at rest may lie considered as a beam loaded 
at each exireiiiity w ith u weight, and supjxirtcd at two |x>ints 
in it* length, w hich are at some dUtarice on each side of its 
centre, while the part betw een its points of support is sub- 
jL-eted to a force acting upwards etpiul to die sum of these 
two weights. A beam thus acted upon would have a ten- 
dency to assume a curved shape; ami it would gradually as- 
sume such a form, as the effect of the weights and forces 
overcame the rigidity of its particle*. This U pret*i*ely the 
effect of the action on the ship ; and the upw a^ curvature, 
when it docs ensue, is what is technically called ** hogging." Hogguft,'. 
As long as die fastenings remain unaffected from the con- 
tinued operation of the disturbing forces, and the abutments 
of the several timbers ami pbnk com|xi»ing the fabric also 
maintain their close contact, this curvature will not take 
place ; but when the*c become partially deranged, the u|>- 
ward jircssure, and the downward gravitation of the several 
portions of the body, can no longer be considered as ten- 
dencies only to deterioration of the fabric, but as active 
agenu in the work of destruction. 

It does not necessarily follow, from all that has been said, Ssg^ng- 
that die hogging will give a regular curvature to the (brm ; 
on the contrary, the various actions of the weight and fwos- 
sure will produce varied effects. Thus, before die introduc- 
tion of the additional keelsons the body frequently “sagged," 
the contrary or oppo«ite curvature to hogging, under die 
wciglit of the main-mast. 

A corrcsnorxling action to that described as hogging, takes 
place in relation to the breadth of the vessel, cffpcciully on 
account of the weight of the ordnance ; so dial die central 
portion of the body is subjected to an upward pressure 
forcing it above the water, and tlie outer portkm* arc strong- 
ly acted ujion by their unopposed gravity inimcrsing them 
beneath it. The effects of this action will be modilied by 
the form^ of the vessel ; longitudinally it produces tlie up- 
ward cuirnture that wc have describetl, and transversely it 
either tend* to a sefiaration of the sides both above and be- 
low throughout their extent, or, if the “ tumbling home" 
be great, a separation at tlie main brcaddi and below it, and 
a oillapsing of the sides above it. 

Anotlier force tending to alter the form of the ship when Hori*oni»l 
she is at rest, arises from the horiasonlal pressure of the fluid pressure o# 
on the surface below the load water -section, which tends to*^ w»ur. 
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rncticsl reduce the dimcnjiioni below tliAt planei and therefore to 

UmWin^f. jq j|,j, ho|;g;in^. 

Though tliese are the disturbing force* when the ship is 
at rcst« their action is not conhned to that state » tliey are 
also in operation when she is in motion. Other injurioti* ef- 
fects arc produced by, and belong only to, a state of n>ntion. 
I’ltcbipg If llic surface of Uie sea be very uneven, so that the ship's 
*ii4 rolliof. passage may be over it* unduUtions, her support becon»e* 
variable, and the opposing Ibrce^ of upward pressure and 
gravitation will have a tendency to pro<iucc a corresponding 
undulation in the body. 

Force of When the ship is on a wind, the lee side is subjected to 
Uk w-aves. ^ juries of shot'ks from the waves, the viiJence of which 
may be eadly imagined, from the eRect they sometimes 
produce in destroying the bulwarks, tearing away the chaii- 
nets, arul wosliing away the boats, &c. The lee side Is also 
subjected to an exceji* of hydrostatic pressure over that upon 
the weather side, resulting from the accumulation of the 
waves a* they nae against the obstruction oBered by it to 
their free passage. These force* tend in pari to prwlucc 
lateral curvature. Also in this inclined (Msition the Ibrce* 
which, when she is upHglit, tend to produce hogging, now 
partly contribute to produce lateral curvature, ity experi- 
ments mailenn Her Majesty's ship (renoa, in the year 
by Mr Moorsom, formerly a member of the late School of 
Naval Ardtivccture, he ascertained tluu this lateral curva- 
ture amounted to one inch and a half on each tack, making 
an alteration of form to the extent of three inches, from 
being on one tack to being on the oOut. 

Tension of The strain from the tension of the rigging on the weather 
ibe rigging, sjjg when the ship is much inclined, is so great as frequent- 
ly to cause working in tlie top-sides, and sometimes even to 
break the timbers on which the channeU are placed. 

Taking the Ships also, especially iIkwc designetl for the serv ice of 
ground. commerce, ore liable, cither from intention or from accident, 
to take the ground. This contingency must be |trovided 
against, as has been already mentioned, in the laying off. 

'ITiesc are the principal disturbing forces to which a ship 
i* subjected. It must be remembered that (hey are in al- 
most constant activity to destroy the connexion between 
the several paru of the fabric ; and that wliatever “ work- 
ing " may be produced by their operation, tends ruost ma- 
terially to increase their effect ; because the disruption of 
the close connexion between the several parts admits an 
increased momentum in their action on each other, and 
the destruction proceed* with an accelerated progression ; 
while the admission of danqi, and tlie unavoiitable accumu- 
lation of dirt, soon generate fermentation and decay. To 
make a ship strong, i* ut the same time to make her dur- 
able, both in reference to tlie wear and tear of service, and 
the decay of materials. Hut there is one very impuilant consi- 
deration which should be remembered in the construction 
of* all fabric* with so |KTisliabIe a material a* timber; it ia, 
that all strcngtli beyond lliat which i* necessary to insure 
durability to the fabric equal to the durability ^ the ma- 
terial, is a waste both of lalraur and material ; or, in otlier 
words, if a ship, built at an expense of L.40,000, w ill last 
twelve vears, it would be false economy to expend L.60,000 
iu building one to last fiflcen years. 

If, by any meunis tfic durability of wood should he much 
increased, it would be also necessary to increase the strength 
of the sliip* built of it, that tlic durability of the construc- 
tion might equal the dur^rility of the materia]. 

Homiig u We see from this outline, that the forces which cause the 
it sd«u hogging, which are the most important disturbing influ* 
th« struc- ences, commence their action at the moment of launching 
of the ship, and are thenceforward in constant operation. 
This curvature can only lake place by the compression of 
the materials composing the lower parts of tlie body, and 
by (he elongation of those composing the upper parts. 
We tlierefore have to determine (he djvisiunal line sqia- 
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rating these two actions and to form the combinations Prartkal 
above and below this line, to offer op|>o«ition in accordance HuiUing. 
to the different directions of Uic strains to which they will 
be subjected. Dupin, in his aide paper on Sepping*' Diago- 
nal Systmi, fixes this line of inaction at about the surface 
of the water. According to the accepted theory of the 
strength of bodies, it would he situated lower than this in 
large shi}ie>; but the horizontal pressure of the water, al- 
ready mentioned, makes the rase of a body supported on a 
fluid an exception, and the station assumed by Dupin must 
approximate nearly to the correct position. 

The portion of the ship about the surface of the water 
must therefore be considered in tlie light of a foiUHlatlon to 
the fabric, and should be strengthened, not only to resist 
the inequalities of the strains to which it will be itself sub- 
jected, es|H.*cial}y when the ship is in nKition, but also to 
constitute it a firm basis, from which to extend supjxirts to 
those portion* of the hull both above and below it, that will 
be subjected to yet greater disturbing force* than itself. 

In order to resist the tendency to hogging, the object of 
(he *hi(vbuilder should be (o foim an tncxmiprcasible mass 
below (hi* line of inac(ton, and to reixler the body rigid 
and inexten»ible above it ; hence the immense advantage 
gained from i^ir Uobert Sqqnngs’ plan of filling in Uie 
opening* in the loner |xurt of (he frame, ami especially of 
(he plan which he introduced of filling tliem with cement 
that so far exceed* any timber in hardness. The various 
abutments of this part of the Ixxly should be a* closely fay- 
ed os possible. In the dead-wo^ the bats o}' the shift* 
sliould all he cut off square to the joints, and the abutting 
surfaces multiplied by the interposition of dowel* in (hesc 
joints, the almtmenU formed by which arc certain, and hcncc 
the advantage of dowclling the keelson, rather than scor- 
ing it over the floors. In this pan of the iKidy the length 
of the scarplis U not of so much importance as the close 
abutment of tlie lips, to insure whicii tlie scarphs should 
be keyerl. The keel scarph* are an exception to these re- 
marks, as they require additional and different security, from 
being external o{>cn>ng». 

The tendency of the hogging will be to alter the angles 
formed by Uie jwftt and tbe stem with the keel ; therefore it 
is necessary to strengthen the connexion* of these limbers 
by every means which will oppose this tendency, a* elon- 
gating oil (lie *hif\*, hooking all the scarphs, ami iudiciousty 
distributing and *up{H>rting all (he fastenings. Hence the 
advantage ofa dead-wood knee, a* adding moslDiniiderably 
to the strength of the cunneximi al^f\, and enabling a more 
regular and advantageous application of the bculs to be 
made. This object of strengthening the connexion of the 
(M*t and stem w*ith the keel, is therefore the consideriition 
to be attended to in shifting the afler shifts of tlie afler dead- 
wood and the stcmsnn, and in sJiitling the fore dead-wood 
with the stem, apron, ami stcniRun,andaIsuin disposing the 
fastenings which pass through these timbers. The old plan 
of running the keelson all to scaq)h with the stemson ad<l- 
cd materially to the tie. Another important support to the 
stern in line-of-battlc ships, is a carling brought up under 
several of the afler beams of the gun-deck, and secured to 
them ; it* oiler end being c'onnectcU to the head of the 
Btemson by side-plate knees. 

There i* more necessity for attention to the support of 
the stem than to that of the bows, because, when a sliip i* 
under weigli, llie aAer part beneath the water, as it ho* been 
already explained, is deprived of much of the pressure to 
which it was subjected when at anchor, and therefore the 
effect of the gravitation is less opposed. Hence also tf»e 
“ cambering,” or curving outwards, of the *tern-|)o»t. The 
cambering of the jKMt might, liowevcr, be greatly prevented, 
by a lie-lwlt connecting it with several of the after beam* 
of the lowest deck, among which tlie strain would he dif- 
fused by the Carlings between them. This might now be 
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Pratfiical done c\en it» iine*or>biU)c a& thoy ewrv ilicir orlop- 

KuiUmg. right aft. 

Since compTC-Mtion is the action to which the lower part 
of the bofly is subji*cietl, we ace the e vident inutility of sa- 
rri6cing e<*ono(ny in order to t>blain length of shift for the 
plank of the bottom, or, Indeeil of making any great sacri- 
fice of plank for thia pur{Mise below the surface of the water, 
excepting for the foremost and aftermoi»t shifts, at the bluff 
of the bow, and under the bullock. 

The deck below tlic water, that it, the cwlop, in shipa of 
the line, and the lower deck in frigatea, though near the 
neutral line, arc below it ; and therefore the action to which 
they are subjected is compression, to resist which the ranges 
of Carlings should be maintained from one extremity of the 
vessel to the other, and nil their abutments sliould fit as 
closely as they can be got in place. 

We have mentioned the keel scarphs as an exception to 
our general remarks. They are usually in England verti- 
CJil wmrphs, with coaks raised in the lip-ends of the scarphs, 
to fit into mortices sunk for their reception in their hut- 
ends. These cnaks serve as a stop to the caulking, and, in 
connexion with the scarpli -bolts, are well deviwd, in the 
event of the curvature ol the keel, to enable tlic scarph to 
partake of it, and to prevent leakage. In Trance, and gene- 

rally in the foreign yards, the scarphs of the keel arc hori- 
iKontal. Very lately the horizontal scarpht have been adopt- 
ed in the Kngiish service. We consider the vertical scarph 
much tu be preferred, for the reasons above stated. 

In those parts of the ship situated above the line of in- 
action, every means should be taken to multiply longitudi- 
nal ties- Since, in order to resist compression in the lower 
parts of the body, the openings are filled in, and fcH'm a solid 
mass ; to produce the opposite effect, that is. to enable the 
frame to re>ist extension, it should be chain-bolted together 
towards the upper parts of the body, wherever the continuous 
range of bolts can W placed not to interfere with the in and 
out fastenings { as opposite the openings between the shelf 
and water-way of the several decks just above the scuppers. 
This plan has been pursued in several of the modern ships. 
The shifts of the different wales, spirketings, and clamns, 
should be long, the reg-nlar shift of the buU most caretully 
maintained, and the huts of the inside assemblages made 
to give shift to the buts of those outside. Sir Robert Sep- 
pings* plan of supporting tlie fastenings, and compensating 
for the weakness of the buts in some of the principal as- 
semblages of plank, by dowels into tl)e timbers in the sirakes 
imnicMli.ilely above and below the buts, is of great utility. 
Also iljc phm of connecting several strikes together by tic- 
bolts placed opposite the otienings between the timbers in 
the frame, uliere they could not interfere with anv fasten- 
ing, was admirably adapted to diffuse strength, and to pre- 
vent Irmgitudinal working of the planks, or the sliding of 
one edge post another, from any |iwrtial weakness. These 
might advantageously be tuuch more extensively applied 
than WHS contemplated in the instrucuons issued by Sir 
Hubert ; indeed, to all the internal Otiscmblages of plank in 
which they' can be driven. 

Tli pUak. Plank U either worked in parallel stroke*, when it is called 
** straight-edged,” or in combinations of two stmkes, so tliat 
every alternate »eani is parollel. There arc two methods 
of working these combinations, one of whidi is called “ an- 
chor-stock,” and the other “ tO|) ojid but.” The diffenmee 
in thdr appearance will be be?il sc-cn by a reference to 
Plate CCC CLVTII., fig, W. The difference in the intention 
is, that in the method of working two atrakes aiiclior-stock, 
the but of one strake always occurs opposite to the widest 
{Mi.'t of the other strake, and there is consequently the least 
poasibic sudden intcmiption of longitudinal fibre arising 
from the abutment ; therefore this di!<position of plank is 
iimhI wlicre strength is esfH.'cially desirable. In lop and 
but stroke* tlie intention is, by having a wide end and a nar- 



row end in each plank, to approximate to (he growth of the 
tree, and to tlimintith the difficulty of procuring the nlank. 

The shift of plank is the tiwmicr of ai ranging the buts 
of the several slrakcs. In the ships of the royal navy the 
buts recur with intervals of three w hole strake* between. 
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In merchant-ships there arc often not more than two whole 
strake* between the rcciurcnce of the buts- 'I*hc regula- 
rity of the shift of plank is far nKwe carefully maintained 
in English building-yards llian in those abroad. 

The fastening of the plank is either “ single," by which 
U meant one fa.stcning in each strake through each timber 
of the frame which it crosses { “ double,” or two fastenings 
in each timber; and “ double and single," meaning alter- 
nation* of the double fastening in one timber with tlie single 
fastening in the next. 

This fastening ctmsists generally either of nails or tree- 
nails, excepting at the huts, which are secured by bolts. 

Several other bolts are driven In each shift of plank as addi- 
tiond security. 'Tlicse additional fastenings are far more 
plentifully diffused in the royal yard* than in iliow* of pri- 
vate builders. Whatever system of securing the plank may 
be determined upmi, great cure should be taken to guard 
against a rc|^tition of fastening, which wiM otherw ise occur 
from the various bolts that will come through the bottom as 
securities to the riders, shelve*, water-way*, knees, and bolts 
connected with the service of the guns. These bolts should 
evidently, fur economy, and oIm for the sake of avoiding 
unnecessarily wounding tlie timbers, supply the place of the 
regular fastemings of tlic plank. 

Refore copper shcatliing was introduced, iron was used 
for fastening. Since tiien, cither bolt-nails cast of a mixture 
of zinc, copper, and grain tin, technically called “ metal,” 
or pure copper bolts, are used in addition to the treenails. 
Experiments arc now being niotle in Holland to protect iron 
bolts, ased for fastening the ptaiik on ships* bottoms, from 
the galvanic action induced by the copper. The bolts arc 
punched within the wood, and coverea with a cement made 
of equal parts of lignum vita* saw-dust, smiths’ aslics, and 

minium.” In France also several ships’ bottoms have 
lately been iron-fastened, with Uoman cement over the 
bolts I they were then felted and sheathed, the sheathing 
being secured with copper nails, and tlic bottom afterwards 
coppered. This inquiry as to the |XMsaibility of applying 
iron Ibr the fastening of ships in connexion with the copper 
sheathing, i* of great importance, os, independently of the 
difference in the expense of U)e two metals, the difference 
in their tenacity is as 995 to 546, or copper is only about 
^^ths of the strength of iron, or little more than one Imlf. 

The plank in the royal yards is not usually permanently 
fastenea for some time after it i* trimmixt and brouglit on 
to the bottom of a ship, hut is tcm|>orarily secuied by 
Blake's screw*, and allowed Ui and shrink. About 

one strake in eight or ten i* left out for the puqwsc of 
making good the shrinkage and refaying the strake*. With- 
out tins precaution there would he such an alteration of 
edge 0 * would throw the hole* made for the temporary se- 
curities out of the range* of the strokes ; but this precau- 
tion being taken, it is very seldom that the alteration of 
edge is such as to require new hole*, especially as the iron 
screw cyc-bolis used for this temporary I'aatening are of 
much smaller diameter tlian tlie permanent treenail fasten- 
ing, and tlieriTore the hole* for Uie screw* will make good 
holes through the plank fur tlie treenails. 

This roctlicnl of securing Uie planks in a temporary man- Temporary 
ner is of immense advantage In enabling them to be brought 
into close contact with tl>e timberw, in the saving of boll- 
fastenings, and in causing a good and regular Hram to be 
given for tlie caulking. 

The circumference of the bottom bi*ing much lirger at , 
the midship part than towards the extremities, that is, at ^ 
the bow and buttock, the lines for tlsc strake* of plank must 
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dote, and tlic strakea taper aa they recede from midship*. 
They also acquire an iipaard curve, callL^d ** any," which 
renders it difficult to work the plank. When the any be- 
comes too great, a strake U enderi short of the rest, and 
this is temied a " stealer," as it diminisJies tlie any ftw the 
succeeding strakca. Under the buttock it it oflcn neces- 
sary to work some cf the after plank wider at the after end, 
which ha« the same efivet of dimtnisliing the any of the fol- 
lowing Btrakes. *' Hang" U the exact reverse of “ sny." 
It mostly occurs in working plank on the inner surface of 
the timl^rs, and outside alravc the main breadth. 

The various plans for fastening the plank and for secur- 
ing the bnti w ill be most ea-dly undcrt»u>u<l by a reference 
to Plate CCCCLVm. fig. 43. 

When the pfrmk is worked and fastened, the scams, or 
the intervals between the edges of the strakes, are filled 
witli'bakura, or ** caulked,'^ with such care and force, tliat 
the oakum, while umlislurbi'd, Uulinostas hard as the plank 
itself. If tbc openings iHrlween the strakes were of'iianJIel 
width througlvuut tiie thickness of the plank, it would be 
impossible to make tlie caulking sufficiently compact to re- 
sist the water. The inner part of tlie ctiges of contiguous 
strakes should be in contact throughout their lengtli, and 
from thii contact the edges should gradually recede from 
each other to the outer surface of the nlank, so that at a 
tJiicknes* of aliuut ten indies tlKiy woulu be about {^ths of 
an inch apart ; that is, alniut Ath of an inch seam for every 
inch in thickness of plank. Tlic practice in the royal yards 
is to allow a double thread for every inch in thickness of 
plank, and an additional double thread for every five inches ; 
besides which, one, or sometimes two, Uiread-s of spun-yarn 
are driven in as a bottom to the oakum. In the merchant- 
yartis on the Thames, and where the larger merchant-ships 
are built, the emuiking is nearlv the same as in Uie govern- 
ment establishments. But in the smaller ships built at the 
out])orls, the oakum is seldom ** biJUomed" home to the 
inner edge of the scam, the consequence of which la, that 
the uncovered edge's of the planks decay, and the second 
caulking drives tlie oakum through, after which tlic seams 
cannot long he kept tight. 

It is the generally received opinion, that however the 
French may have excelled us in designing the body of' a 
sliip, our pnKiical building lias always been incomparably 
superior to theirs. In so far as tlie skill of the workman is 
involved in this opinion, we believe it to be strictly correct. 

The workmanship of English mecluinics is probably un- 
rivalled, certainly not surjiassed by lliat of any uthc*r me- 
clianics in the world, either in solidity or in neatness of exe- 
cution } but we cannot in justice urge tlie claim of supe- 
riority further. 

However weak the French prizes taken during the last 
centur)' may liave been from defective workmanship, the 
materials were in several iiiBlances much more judiciously 
combined fur the purpose of obtaining strength than in the 
contemporary ahips in our service. Indeed it was not un- 
til after Sir Kobert Seppings became surveyor of (he navy, 
that the absurdity of having the sheer of the aliip and the 
sheer of the ports dilfercnt from each other, was disconti- 
mied. The effect of this difference in their sheer was, limt 
the assemblages of thick strokes brought round the sides 
for the puqiosf of strengthening them, were actually cut off 
from being crossed by the sheer of the ports. In the ma- 
jority of the French and S{>ani»h ship* taken at so early a 
pcrioit as liie middle of iIk.' last century, the sheer of the 
ports was the same as (lie sheer of the ship, consi'tiuently 
the whole strength of the thick strakes was preserved. The 
shelf was also originally copied from the French; and 
though tlicy have now disexintinued it, it was at the period 
of its intrcHluction an important improvement. Also we 
have only follow'ed them in the adoption of iron knees tor 
tlie security of our beam-ends. In oiaking tliese animad- 



versions, we speak wholly of the past. For many years Bri- Fraptini! 
tish ships liave been nneiiualled lor strength, as well aa for ButUmg. 
pMfcclion, of workmanship 

It has become almost a fashion to decry the improve- 
ments introduced by Sir Hobert Seppings. It would be well, 
perhaps, to remember the complainls continually made, of 
the Weakness of tlie shijis before he became surveyor of the 
navy, and to contrast the fieets of England at that time 
with the fleets which he left in the M*rvice when he relin- 
quished the surveyorshifi. There U no doubt that many of 
bis plans were imperfect, and are su.sceptible of great im- 
provement. No change ever yet was made, or ever will 
he maile, that was not and will not be susceptible of yet 
further improvement. 

We have alreiuly mentioned the decks wiiich are sltuatctl Deck*, 
below the line of non-action ; those above it must all be con- 
sidered as most valuable longitudinal tics. Their sheer lias 
been most properly much diminished within these lost tw'en* 
ty years. It is evident, that for rigidity, di^:ks without any 
sheer would be advantageous. The sheer was probably given 
them to facilitate the run of water to the scuppers, and may 
j>erhap* be desirable for this purpose; but certainly, a* 
streni^h is lost by their curvature, the sheer of the decks 
should be as little jiosrible. It may be objected, that 
perfectly straight decks would be tnjuriuus, or at least ver)’ 
unsightly, in tlie event of hogging taking place. The ob- 
jection is not valid; strength must not be sacrificed in order 
to pre|iare for the occurrence of a contingency which we arc 
endeavouring to prevent, and which evidently may be |irc- 
vented for a great length of time, since the various improve- 
ments intriHliiced during the last five-and-twenty years have 
certainly almost wholly prevcntcxl the weakness in ships, 
which was before such a source of constant comjilaunts. 

The only concidcration, in fastening decks, is to {weserve FAsiming 
their contact with the beams, and to withstand the action ilccks. 
of caulking: more tiuui enough to effect this object is use- 
less, and therefore the numerous bolts introduced with the 
system of diagonal decks were unneces-wy. It may pro- 
bably be projier to observe, that the harder the material 
usihI for the flat of decks, the greater should the quantity 
of fastening be, as there will be less yielding of tlte edge to 
the caulking; and ahhougb it is usual to allow more seam 
for caulking planks of a hard tlian of a soft material, the 
caulking will bring for more strain on the fastenings of tlic 
harder tlian on those of tlic softer ; besides wiiich, strictly 
S{H>aking, though it is not practically expedient, scam should 
depend ii]xm thickness alone. It may not be improper to 
mention here, tliat the quantity of fastening must increase 
with the thickness of the plank, whether of deck or lioitom, 
which is to be secured ; for the set of the oakum in caulk- 
ing will have the greater mechanical effect the thicker the 
edge. 

The diagonal deck, whatever advantage it might have Diaftwial 
been presumed to |>osacss in other reifjiceis, was certainly advek. 
great loss of strength in as far as lotigiludinid tie was in- 
volved, and, w e consider, has been most judiciously discon- 
tinued. The rapid dcterkiratiun arising from the wear oc- 
curring across the fibre of the wood, with the additional in- 
convenience, that the {lartial wear along the working {xu- 
sage of the deck, by crossing every strake, invoKes the 
shifting the whole flat, is alone a strong argument against 
any alteration in tlie system of laying tiic strakes of deck 
fore and aft. Mackmiochie propoM.il to lay decks in tliree 
laycn, one diagonally from starboard to larboard, another 
diagonally from lorbiWd to starboard, and an upper layer 
fore and aft. He also proposed a somewhat similar system 
for the uuuide plank, from the garbuard to the wolt^ Mer- 
cliani-vcsseU have been built in America, and boats and 
steam-ve«*el* in this country, on tliis system of layers of 
planks laid diagonally. 

Sir Robert ^ppings was apparently aware of the import- 
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ant tic which a deck is to a ship, he retaineil some of the 
Ttjiildinit. inidship*hinding strakes, and introduced dowels to render 
their connexion with the beams and with the extremities of 
the vessel more perfect and more unyielding tlian could be 
effected by the old plan of scoring down, with its attend- 
ant evils from the shrinkage of the materials and neglect of 
workmanship. 

The aftermost and the foremost beams of each deck 
might be advantageously made to afford support to the pro- 
jecting bows, and efijiccialty to the raking sterns of the mo- 
dem sliips, by connecting the bow and stem timbers to 
them at each deck by long tie-bolts passing through se- 
veral beams, clenched on the at\ side of the adennost for- 
ward, and on the fore side of the foremost of them aft. 
These beams sliould liave several rangt'S of cartings let 
down between them, to diffuse the strain. This would 
be for preferable to fnrelocking the bolt on the lore side 
of each beam ; hrxl, bei-ause. generally speaking, the strain 
would only hdl «i}>on one beam, that which was most close- 
ly IbreUicked; and, secondly, bccau.se by experiment we 
6nd that the size of the bolt being (he same, the forelock 
would give way, or the bolt breuk at Uie forelock-holes, 
under about uue half the strain whicli tJic clench would 
witlustand. 

Several Dutch ships have been built with a round-up to 
the decks in the direction of the length ; the keels of tlie 
same vessels were built to sag or ctirve downwards towards 
the midship* of the length, and the fore ajid after extremi- 
ties were so constructed that the longitudinal vertical sec- 
tion should form an elongated eilipae. Only steam-boats 
■ have, we believe, ever been built on this plan. 

Biaitn. The beams which supjwrt the deck have a curve upward*, 
in the direction of (heir length, to (he middle of tiie ship, 
called the round up.” This is for the purpose of strength, 
and for the convenience of the nm of water to the scu]ipers. 
Beams are single piece, two, three, or four piece (Plate 
CCCCLIV',, figs. 89, 40, 41, 42), according to the number 
of pieces of timber which arc combined to lorm them. The 
several pieces are scarphed together, and coaked and bolted, 
the scan)hs being always vertical. Hooked scar]>h*, with 
keys of liard wocnl or iron driven in, (o bring the buts in 
close contact, have been lately introduced w ith much advan- 
tage in great additional neatness of appearance, great reduc- 
tion of weight, and consequently of matenals and expense, by 
Mr Edye, the master-shipwright of Pembroke yard, fig. 8H. 
Iron tppH- It is rather surprising, tluU in the very general applica- 
lo ttiip. (ion of iron for shi|>-huitding, the wooden beams which oc- 
budiUti^. cjipy go much space between deck and deck, and so nwte- 
rially contribute to the height of the vessel alwve the wa- 
ter, have not cither been supersede<l by bc^ms of iron, or 
at le^t by wood beams of much less moulding, to ulitch 
the necessary rigidity miglit be given by iron plates at their 
sides. An objection to beams wholly of iron would arise 
from the great expansion and contraction of tliat metal un- 
der variations in it* temperature. 

The beams of ships are supported at each end, and the 
strain to which they ore subjected is a downward pressure; 
consequently the up(>er part of the beam must compress, 
and the lower fibre elongate, before there can be any alte- 
ration in the curvature. It is desirable therefore that the 
fibre of the wood towards tlic low er part of the beam should 
not be wounded, and that, whctlier for the purpose of so- 
curing the beam, or of security to tlie b«“nm, no incision 
should he made, excepting in the upper, or compressed, 
ranges of the fibre, which may bo cut tltrough, according 
to On HiuncTs ex{>eriments, one half, and according to 
Professor Harlow ’s, five eighths, of their depth, witliout im- 
pairing the strength. Nay, if the carling or material to be 
inserted in the scin’c be of harder texture tlian (hat which ii 
removed, the strength is increased. 

The connexion of the end* of the beams to the sides of 



the shift has afforded scof>c for the display of much ingemti- Practinl 
ty. Wc have in our plates (CCCCLV. and CCCCLVIII.) Buildii.r. 
given skftcJics of those plan* which have been adopted in 
the navy of England, and also of several taken from foreign 
works or observed in foreign yards. There are three things to 
to be considered in the connexion of the beam w iUi tlie ship's udc. 
side : that it sludl act as a shore to prevent the sides from 
collapsing; as a tie to prevent their falling apart; and be 
pcrfcc*tJy rigid, that there may be no working. 

That the beam may be an effective shore, nothing more 
is necessary than that the abutment of the end against the 
ship’s side may be iK-rfect. In order to constitute it a tic 
between the two sides, it is generally dowelled to the upper 
surface of the shelf, and tlic under surface of the water-way 
U dowelle<l to it. These dowels connect it tlierefore with 
the faslenitiKS of (he shelf and water-w ay, w Inch pass through 
the side. There is also in tlie ship* of tlie royal navy a 
plank called a side-binding strake, scored down over and 
into the hcam-end.*, at some distance from ifie side, and 
bolleil through the side belwceu the beams. The scoring 
into the beams connect* the in and out fastening of this 
strake with (he longitudinal lie of the beam. There are 
al.8o the various bolts forming tiuit part of tiic fastening of 
the beam-ends, w hethcr in the knees or in the chocks, which 
passe's in and out through the ship's side. 

It will be very ea.rily conceived, from the short outline 
which we gave of the disturbing forces acting on a ship, 
tlwi the strain on the ends of the beams to destroy the ri- 
gidity of their connexion with the side must be very great 
when the ship is under sail either on a wind or before it, 
tliat is, either inclined or rolling. 

The principal action of these furceii is to alter the verti- F<wre« to 
cal angles mule by the beam and the ship's side ; and it will whurh tbfv 
be seen tliat tlie action is aiti^mately to dis:rca*e and to 
crease the angles mule by tlie beam and the |iart of thc*^ 
side below it, or, what is the same thing, nilernatcly to in- 
crease and deert'ase the angle* nuuic by the beam and the 
ship's side alwive It. Now the first of these actions takes 
pl.ice on the lee side ; the graviuition of the wt'athcr side, 
and all connected with it, of the deck and every* thing upon 
it, as well a* the upward pressure of the water, all lena to 
diminish tiie angle made by tlie beam and the ships side 
below it, and increase the angle made betvicen them above 
it. The contrary* effect is produced on the weather side, 

(he angle above the beam being closed, and tliat below 
opened. 

In investigating the nature of the action of these force*, BcamiCAn. 
wc shall find (fiat in each case the beam may be considered sidereal m 
as A lever. The power being supposed to be ap]>1ied at 
opposite end of (he be.'un to that at w hich the forces undc*r 
investigation act, the weight being the fastening a|>plied to 
prevent alteration in the angle formed by the beam and the 
sliip’s side, and its action being supposed to take place at 
the |Kiint in which it should be u{iplied to produce tlie most 
advantageous effect. 

The lever is of the first order, tliat is, with the power and Effect oo 
weight on mqiositc sides of the centre of motion or fulcrum, lc«.bcam 
when its effect on the lec arm is considered ; and it is of"*“‘ 
the second order, that is, with the jxiwer and weight on 
same side of the fulcrum, when its effect on Uie wcatliefarin. 
arm i* considered. 

The object in securing the beam-ends in each case should 
be to diminish the effect of the power and increase that of 
the weight. We lessen the effect of the jiow er by dimi- 
nishing the distance liclwcen the point at which It acts and 
the fulcrum, and wc increase the effect of the weiglu by 
increasing the distance between the jioint at winch it acts 
and the fiilmim. In the lever of the first order, that is, 
when we are considering the action on the Ice arm, tlii* is 
accomplislied by bringing the support of the under side of 
the beam, tliu midaliip side of w bieb luppoit u the fulcrum 
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Pnwrtictl of the lever, u far from theahip’s side as it can be extend- 
^Bualuina- ^ consistently with the accommodation of the decks ; and 
by having the weijiht, tliat is, the aecuriiy to keep down 
the beam -end, as cUne to the end of the beam, and ctmse- 
quentiy to tlic sliip’s side, as it can lie placed. 

In tlic lever ot the awmod order, tlmi la, when we arc 
considering the action on the weather arm, the effect of the 
power ia diminished by increa<ing the distance lK*tween the 
fulcrum and the weight- The fulcnim, in this case, is the 
support of the lower side of the extreme end of the beam ; 
the weight it the strength of the knee, or whatever con- 
nexion is intendeti to tie it to the ship’s side, and maintain 
the angle invariable which ia forme<l by them. The effc'ct 
of this weight is increased by a|>pruaehtng it to the (MJint 
at which the j>o» cr is supposed to act. Therefore, in order 
to resist the actum on the weather arm of the beam, the 
fulcrum, which, as we have said, is the support of the ex- 
treme eml of the bejcm, tliat is, the edge of the clamp or 
shelf which fays to the timbers, should be mo«t finniy con- 
nected to them; ami the weight, which ia the downward 
tie, should be extemlcxl as far from the side as it may be 
consistently. , 

The difference of the action to which tlic two arms arc 
luhjectc'd, points out thmTorc at once the principle which 
should guide us in all plans for connecting the beams to 
the side, and it may not be useless to reca]utulate our con- 
clusions. 

The action on the lee arm requires the extreme end of 
the beam to be ch»scly tied down, either to the clamp or the 
shelf, as the case may l»e, and which is necessarily pre- 
sumtxl to be firmly conneetetl to the ship's side. 'Hus ac- 
tion also requlr(>s the centre of motion to be extended far 
from the sine, in order to diminish the effect of the power. 
Therefore, the downward fastening close to the sh.p's side, 
and the upward sup(>ort far removed from it, is Uiat win. h 
is neiH'ssary in this case. 

The action on the weather arm requires an exactly different 
disposition of the securities. The extreme end of the beam 
is nere the centre of motion, and is the [lart which ought 
to be supported ; and it is the downward lie which should 
be as far extcndetl from the side as may be consistently. 

It may be urgetl against these views, Brst, that if work- 
ing be presurm'd to take place in the lee-beam arm, round 
the miilship or outer edge of the shelf, the disUnce betw een 
this fuleniui and the fastenings which kct‘p the beam-end 
down will cau«e greater motion in that end, and greater 
strain on the fastening ; and. S4'Coudly, that if the weather- 
beam arm be pri>sumed to work from the side or inner ettge 
of the clamp or shelf, the distance between this |K>int and 
the fauttening intended to keep the beam dow n, will cause 
an incre«K‘d strain on that fa.‘^tening. 

These objections are both true, Inil they do not embrace 
the correct view to be taken. The object is how to dis- 
pose the fastenings in the best possible manner, in order to 
prevent working. And this is attained in each case by ex- 
tending the distance between the weight ami the fulcrum. 
Slieirsml In the system of building the ships of the royal navy, 
rlsjiip iu introduced by Sir Robert Seppings, the shelf waa brought 
sororities ujxm the clamp (m, Plate CCCl LV.); it is now worked 
Uiuii^ciuL timbers (», A, /), and its front i* therefore lew 

extended from the side. One joint, that between the clamp 
and shelf, is avoideil by this method, but security to the 
iH'ain-cnd is lo«t by it. An arm of the iron knee, which 
has super>edc<i Sir Robert Seppings' forked knee, is ex- 
tends under the beam to com[M.‘nsate for this diminution 
in the width of the shelf; but unltiu tiie rigidity of this 
arm be such that the fuIiTum in the case of the lee-beam 
arm, and the weight in the case of tlic weather-lx-am arm, 
be removexi from Uie ship's side a distance at least equal to 
the diminution in the extension of the irnnt of the shelf 
from the ship’s s de, the object is not attained. 



One of the roost perfect securities for a beam-end, in Pr»re!f»I 
point of principle, and combining at the same time simpli- 
city of wnrkmaiudiip, which is another iiu(»onant **^“l***^» 
eMH*cially in all iron work, is the plate-bolt (o), frequently 
atiopted ibr round-hou«e beams, and for the lower decks of 
frigates. The extreme end of the Ix-ara is tied dow nward 
by boils, and sup(K)rted by the shelf, and the extended 
downward fastening is by a dog-plalc. These securities, 
and the upw'ard supjmrt afforded by the chock to that plate, 
are, according to the foregoing reasoning, correctly applied, 
but are insufficient in amount of security for the beams of 
principal d(*cks, as the downward tie depends wliolly on the 
clench of the dr^-plate. Probably a strap passing round Strep, 
the beam, asshownin fig. 44, Plate CCCCL'TII., might be 
an arlvantageous and simple modification of the above plan. 

For easiness of execution, and smallness of expense, it would 
be better if the strap was merely bent over, ami scoretl into 
tlie top (xirt of the beam, and the ends brought down and 
fastened on the sides of the chfK'k, whicli would then re- 
quire to be only of the same siding as the beam. In this 
case there Cuuld be no in and out fastixiing through the 
strap ; the only in and out bolts would l>c those tlirough 
the chock. The fastenings of the strap might be screws, as in 
the French knees (Plate CCCCLVIil. figs. 4o, 46), which 
we shall describe. The disadvantage attending this sort of 
strap would l>e, that to obtain an equal degree of dow nward 
Security for the w catlicr-lxwn arm, the chock must be more 
extended from tlic slop’s side than tf the ends of the strap 
were brought in front of the chock, and took their own in 
and out fantening. 

The extension of the security from the side of the sliip.\drtui. 
by means of a chock, is preferable to gaining the samct"e'^"f 
breadth by bringing a slielf on to the cUmp with a chock *^*’*^*^‘* 
under it, in so far as extending the sup|>ort to the beam is 
involved ; because the diock wesents “ end-grain," in which 
there is cmn|)aratively but little shrinki^;e, to receive the 
dow nward jiressure of the weather-beam arm. A w dl se- 
cured and Hnniy suppurtt'd clamp is sufficient to resist the 
downward pressure of the wxathtT-heam arm ; and if this 
damp l>c of a sufficient thickness to receive the up and down 
holts through the w ater-ways and beam-end. tluit is a!! that 
ts indispcn!ktble, and tins w ouUl be little, if any, addition to 
the tliickness of damp alremly usually worketl. We tliere- 
Ibrc doubt much whether the shelf might not be advanta- 
geoiLsIy discontinued, and subiUitutea by a damp with 
chucks uiidtT the beams, sttqqiing on the projecting edge 
of the spirketing. We shall s{H:ak of the sup{K>rt to this 
damp when we consider the sl»ort stuff between the |>orts. 

Of coum‘ this change prcsupjKKcs a inaxinmm of advan- 
tage to be derived from all the other eoiubinutioiis Ibr 
Strengthening the side. 

An objection U urged against chocks, which is, llut theyoiijrrft/ws 
occupy space agaunsl the slop’s siile ; but they afiurd ato^oct.*. 
security to the lK‘»m-ends which cannot be well obtained 
without them ; and it b qm*stionable w hether the iuundation 
of the objection is correct, because? the cnntinuous breadth 
of slu-lf sJiould also be considered, and that effectually pre- 
vents a man's standing erect dose to the ship’s side, while 
the obstruction from the chocks ii only |>arttal, willi inter- 
val* between. 

Roberts* plate-knee (</, Plate CCCCLV.) is a vcrvRobertfc’ 
strong methos! of fastening, as a preventive to any alter- plate lines, 
ation of the angle formird by the beam and the side, pro- 
vided the ill and mit security of the chock to the side is 
stifficient to resist the strain that ia brouglit on it. These 
knee-plates, together with up and down boll« in the beam- 
ends fulfil all the requisites for a correct mode of fastening, 
unless it may bo the objection against the chock which we 
have stated, 'ilie great objection which has been urged 
to their use arises from the lore and all holts llirough the 
beam, which, it is said, are liable to split tlie beam-end. 
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l*r«ciic«l All fore anti af\ bolts through the beaxn>cnd, as they do not 
^HtiiUtitiff. ihrotjgh the tiilcrum round which the beam would 
work, are nearly equally liable to this objection, wliclher 
they occur in the same range of fibre or not, because when 
motion enoues they must alt act to split the bcam>end. But 
w e tiave already said we do not consider this line of argu* 
merit sliould be urged. The occurrence of working sliould 
not be presupposed in determining seciintics to prevent it^ 
because such a course would frequently militate against the 
application of the moat advantageously disposed preventives 
to motion t not however that we are arguing in favour of 
fore and all bolts through beanvemU ranking among these ; 
on tlie contrary, wc think they should be avoided. 

The foregoing observations embrace the main outline of 
the principles w hich should be kept in view in connecting 
the two suit's of the ship by means of tlie beams. 

Hoek^ The bows, as we have already said, are connected by 
timbers called hook«. It is important to remember that the 
hooks above and those below the surface of the water are 
subjected to on opposite strain. The tendency of the pres- 
sure of the water on the bow is to make the sides colIti))6e, 
and therefore the hooks below tlie water’s surface sluiuld 
not only act as ties to the bow while the ship is grounded, 
as, for instance, when in dock, but should be formed more 
esptK:ud)y to resist tlie pressure of the water when she is 
atiiiat. Those hooks which are above the surface of the 
water act princi{tally as ties, the rake of the bow and the 
gravitation of its jxirts tending to seqiarate the two sides of 
die ship. Thi'se observations are of little imjiortance when 
die hooks ore of wood; but wlien they are formed partly of 
wood and jiartiy of iron, they materially aSect the a])plica- 
tion of the iron plate. Below water it sliould evidently 
be brought os close to the inner surface of die bows as 
possible, and therefore on the fore side of the hook. It 
should also be secured to the wooden ekeings, independently 
ot the bolts which scctire the hook to the bows. Very slight 
consideration will sufiicc to prove, that by these means the 
utinoBt advantage is obtained from the materials employed, 
to resist the pressure, while at the same time they form 
a sullicient tie to support the sides of the bows when the 
ship is in dock, belore launching, or aground. In made 
hooks above the water, (he iron plate should be on the 
ad side, as far from the bow, and as straight as may be, 
that it may be a more elfcctive tie. 

We sliall now pass to the several systems of strengthen- 
ing the sides, and of preventing the hogging, which have 
been successively introduced. 

In the system of building which was su|>erBeded by that 
termeil the diagonal system, die whole of the interior sur- 
face of the frame was planked, and a sctIcs of internal frames 
worked upon this planking, agreeing in direction with the 
timbers of die ship (Plate C'CCCLVI. fig. 47). They ap- 
jicor princi{ia)iy to have been intendiHl to sup|x»rt (he frame 
in die event of the ship’s grounding, as they could add no 
longitudinal strength to the fabric. 'Fhere were about eight 
“ b^nda" of the ** ndcru” in tlircc-decked sliips, and six 
Vcriiad bends in two-deckers. There were other timbm running 
riJv*r». up to the top-sides, called breadth, middle, and top rklers. 

1 (icse were nwre closely spaced than the bends in the low er 
parts of the body, and were placed in a diagonal direction 
evidenUy only to avoid the ports. I’he licanis were se- 
CMTcd to die side by hanging and lodging knees of wood : 
they rested on the clamp, there being no shelf. The wa- 
ter-way was merely a thicker slrake of deck gouged out, or 
*• chilli down,” as it is technically colled, from the front of 
the spirketing, to the same thickness os the flat of the deck. 
This chining down is for the protection of the water-way 
seam, by keeping it above the run of the water. There 
were different methods of shifting the bends of riders in the 
hold, wveral of which we have intrmlucecl in the plate. 

An cuormous quantity of limber was thus mossed to- 



gether, having the appearance of great strength; but in Pr*rtjo»l 
fact, from its weight, injudicious combination, disposition, 
and fastening, much of it wa.s if not injurious, at least u.sc- 
less. The rulers in the hold were no doubt originally ne* 
cessarily introduced when slups were ** grounded" for re- 
pairs ; but tliat necessity has now ceased to exist. In the 
earliest drawings rqirescnling them there are “ polntera,” 
or shores extending from them at Uie bilge of one side, to 
ifie gun-deck at the opposite side of the middle line, w hich 
we shall presently refer to. 

The system we have described was partially superseded 
by single riders in the hold, scarpliing to chocks under the 
orlop-beams, and running down to give shift to the floor- 
heads. The to|)-sidcs were supported by stanilard knees 
brought on the deck over the bc'ams ; and the bi'ams were 
secured by Roberts’ plate-knees brought on tlic sides of 
chucks under the bi'ams. 

The idea of diagonal trussing was not novel at the time 
the system of Sir Robert Seppings first propoMKl ; It 
may even be obaerveil in Plate CCCCXLVI. in tlie vessel 
of the fifteenth century, under refiair. In the plates of a 
Dutch work of the date of 1097, there are diacomd pointers 
in an athwartship direction from the fliHir-iii'ads on one side, 
to tlie quarters of the up{>er-dt'ck beam of a two-decker 
on the utlier. Sir Walter Raleigh also mentions this 
mode of strengthening ships; and the Dutch author, Van 
Yk, gives the drawing as a representation of tlie Rngli^h 
system of building at the date of the publicAtkin of his work. 
Somewhat similar also were those afterwards pnqiosed by 
Mr Snodgrass, the surveyor of sliipping to the blast Itulia 
Company, though his w ere to step upon the keelson and ex- 
tend to the damps of the lowest gun-dcck. and w ere there- 
lore less judiciously placed to resist the strain in grounding 
tliun those repre^nted in the Dutch work. Diagonal truss- 
ing between the keelson and the gun-deck beams along the 
vertical longitudinal section of the ship, liad also been pro- 
posed, and |iartial experiments of various diagonal supports 
or shores made, both abroad and in England ; but until the 
introduction of the diagonal riders and trusses by Sir Ro- 
bert Se})pings. there hud beeu no permanent results from 
these experiiiients. 

W'e qiMite the billow ing description of the system from a 
paper communicated by the inventor to the Royal Society, 
and which is printed in the Philotiophical Transactions for 
1814. 

“ An accurate conception of tl>c state of a sJup’s hold may Dtofnaanl 
be formed by referring to the longitudinal section (fig. 48),fnuu& 
which is tenned the Jesuit’s (lerspectivc, or birdWye view 
of the internal part of one side of a seventy-four-gim ship 
in a complete state, with fillings in the openings between 
the timbers of die frames, instead of the planking over 
them. 

** In this state die diagonal limbers are introduced, inter- 
secting the limbers of the frame at alimit the angle of forty- 
five degrees, and sn disjxMed as that the direction in the 
fore is contrary to that in the after part of the ship (as may 
lie seen in the engraving), and their difitoaice asunder from 
six to seven feet or more ; their upper ends abutting against 
the horisontal hoop or shelf-piece of the pin-deck beams, 
and the lower end^ against the limber strakes, except in the 
midshi|l«^ where they onne against two pieces of timber 
placed on each side of the keelson (called additional keel- 
sons), for the purjMise of taking off the partial pressure of 
the main-mast, which always causes a sagging down of the 
keel, and Bomethues to an alArming degree. These pieces 
of timber arc nearly os square as the keelson, and fixed at 
such a distance from it, that the main step may rest upon 
them. They may be of oak or pitch-pine, and as long as 
can be conveniently nrocur«*d. Pieces of timber are next 
pkaceil in a fore ana aft direction, over the joints of the 
frame-timbers, at the floor and first futtock-heads ; their 
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PT»rtirJ end« in clo*e contact witli, nnd cooked or dowellcd to, the 
ButMiit^ - of thcdia^nal limbers. In this »Ule the frame-work 

jjjj. presents vaHous cumportmeuu, each repreaent* 
ing the hgiirc of a rhomboid. 

** A tnuHS-timber is (hen introduced into each rhomboid, 
with an inclination of^KMite to Unit of (be diagi>md timbers, 
thereby dividing it into two parts. The irus«-pk'Ces 80 in- 
troduced into the rhomboid, are to the diapmal frame what 
the key-stone U to tlic arch ; for no weight or pressure on 
the fabric can alter iu newition in a longitudinal direction, 
till compression takes place at the abutments, and extension 
of the various ties. 

** This arch-like property of the diagonal frame not only 
opposes an altemtiun of poiition in a longitudinal direction, 
but also resists external pri'ssure on tlie bottom, either from 
grounding or any other cause, bt'cause no impression can 
Ik* made in its tigure in these dirt*clions, w itlmul forcing the 
several parts of which it is composed into a shorter space. 

“ T^«^ beams are disposed in the new* system nearly as 
usual, exce^rt that in midshi{)S, where a ship necessarily re- 
quires the greatest security, two additional beams have been 
introduced. 

** The beams of the several decks are attached to the 
ship’s side in the following manner. 

*• 1ft, By dielf-piecvsor internal hoojw, distinguished by the 
letter E. These slielf-picces arc oimposetl of several lengths 
of timber, scarplicd or joined together by cxwks or circular 
dowels, so as to form a kind of intenu) hoo|>, extending from 
the lKK>ks forward, to the transoms abatl — (in the plate the 
transoms are not shown, as we have clioss-n the |KTfectcd 
application of Sir Holiert i>eppings’ system, afler the adop- 
tion of the circular stern into the service ), — to the umler side 
of which, an well as the untk'r parU of the iK'ams, they are 
securely cuakcnl, and being then firmly Itolted to the side, 
instead of bc'caming a mere local fixture of Uie hram to the 
shin’s exterior frame, as knees were, they are one continued 
and general security. The shelf-piece ia also a tie to the 
top-side in a fore and af\ direction, co-operating with the 
* trussed frame, as already explained. 

** By chocks, represented in Plate CCCCI. V. (m, o), 
which ore placed under all the shelf-picccs in wake of the 
beams, except the orlou in such a manner as to receive the 
up and down arm of the iron kni-es. The lower ends of 
those under the gun-deck shelf-piece step on the cnih of the 
orlop-l>eains ; and ihow of the st^veral (leeks above, step on 
the projecting part of the sjurketing below. The clH'cks, 
particularly those between the orlc^ and gun decks, admit of 
their being driven into their rw{»cctive places very tightly, 
thereby acting like pilhirs. Another advanlage uLlending 
them is their great tendency to stiffen the ship’s side, and 
to prevent the beam-ends from playing on the fastenings 
when the ^ip is rolling, or straining under a pnrss of sail. 

The curved iron-plate knees for securing the orlop- 
beams, and the iron fbrkcKl knees of the otlicr decks, are 
described in (a) and (/a), P!.tte CCCCI-V. 

“ The tendency of the riiip to stretch or draw asunder 
in her uptuT »t«-ks being by no means obviated by the 
short planks on the inside between the ports, a tnisii piece 
of plank U substituted in lieu of them, which being well 
secured at tiie abutments, very* materially aids the trussed 
frame, and gives great stiffness, Uiereby op|HMing tJie in- 
clination to arch or hog aloft.'* 

These various alterations from the old system of building 
had the effect of very greatly increasing tJie strength of the 
ships of the royal navy, .\mong so many changes, it U not 
iraprubable limt erroneous conclusions may have been drawn 
as to the relative importance of' each. We incline much to 
the opinion that this has lK*en the case to a very great de- 
gree, and that a port hitherto considered as quite subordi- 
nate, and now w liolly discontinued as useless, «vas one prin- 
ci|ial cause of tiie increase of strength whidi enabled slii|M 



to preserve their sheer. This we shall presently endeavour Pro^i«l 
to prove. Duildiiig. 

The lower ranges of riders and tnissea, which were brought duT^ 

on the u|f]>cr surfaces of the floors and first futtocks, could 
have but little effi-ct in preventing arching beyond thatfnunv. 
which Arose from the additional resistance they offered to 
compression, and tlie additional rigidity they gave to the 
stnicture in the event of grounding, or of being ashore. 

They certainly served as a finn Imm* u|x>n which to erect 
a Bcries of riders with diagonal trusses;, which were mure 
advantageously placed to afford efficient siip|>ort to the ex- 
tremitii'S of the body. Yet these upper riders only cxteiKl- 
ed to the st'curities of the pin-dixk, and therefore not very 
far almve tlic line of non-action. Presuming, however, tliot 
this second series of riders was of considerable utility, a 
firm base for thorn might probably have been obtained with- 
out so much incumbrance to the hold, and consequently 
without the objection being urged against iU which was 
made to the diagonal riders, of diminisliing the stowage. 
.According to the estimates made by Sir Uobert Seppings, 
the actual cubical contents of the diagonal frame were less 
than those of the ceiling which it siipcrstded. 

The trussing between the ports has been discontinued in Tru»»ng 
Her Maje.sty s ships. We cannot but regret the change, asbetween 
we consider this w as the mo«t advantageous innovation con-^ ports, 
nected with the diagonal system, and one in which the be- 
nefit was unaccoin|Minied with compensating im.'onveniences. 

In investigating the reasons on which we found this 
opinion, we sludl merely describe the manner in which we 
consider this trussing must have acted, to prevent any alter- 
ation of form in the upper ports of the ship. 

We commence, then, witn the gun-dtek of a three-decker, 

Tlic gun-deck, from its proximity to the line of inaction, 
from Uie support of the trussed frame, which extended to 
its shelf) ami from the wales, may be assumeil, at least in a 
new ship, as a most firm base on which to raise a series of 
supports. At some |>oinl on the up^HT edge of the gun- 
deck spirketing, a shore, that is, the truss, firmly clcated at 
its heel, extemied upwards and all, in the afler-body of the 
ship, to the lower edge of the middle-deck clamp, w here it 
was securely deated ; immediately above the head of this 
sliorc a second was fixed on the U)>|)er edge of the middle- 
deck spirketing, and extended upwards to the lower edgeof 
Uie main, deck clamp, w here it w;w secured ; and immediate- 
ly over the head of this shore a third was secured, on the edge 
of the main-deck spirketing, and extended upwards to the 
lower edge of the quarter-deck clamp, where it was finally 
secured : so tliat a point in the range of securities to the 
quortcT-dcck was continuously and firmly sliorcd up from a 
|K>inl in tJic must rigid and unalterable part of the ship; and, 
in the same manner, a scries of points along tlic range of se- 
curitU^ to the (|^iiartcr-deck became shored up from tlie same 
foundation. '1 nis is in the afler-hody. In the fore-body a 
corresponding system of shoring ran in an opposite direc- 
tion forward, and in a similar manner sup|)or(ed the range 
of securities of the fonx'a.sUc, while each intervening deck 
part(H)k of the same advantage. 

Keating as these shores did in opposite directions from 
the most rigid part of the ship as their base, while they af- 
forded a series of points of support to the princijul longi- 
tudinal ties, they formed with them a system of triangles; 
and the triangle is a figure which admits of no alteration 
of form ; for os long as the sides remain the same, the angles 
are invariable. It might almost be said to be impossible, 
tJjerefore, for the range of quarter-deck and forecastle se- 
curitiea, by w hich wc mean the clamp, shelf, and water-way, 
to drop at the extremities, exetmting in 90 far as the com- 
pressilritiiy of the materials would admit. 

To adapt another, and perhajM a stronger, view of this 
systcMii of trussing, wc nmy consider the whole top-sides of 
a ship, with the securities of the gua-dcck as a base, to 
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Prartical be a •cries of horizontal ran^jc* of niaterialm nwpported by 

Buih l ing alternations of fimily scnirtd trianglcfi« so placen. that the 
hajics of the superior ranges of these triangles derive firm 
•upport from Uie triangles of the inferior ranges. Con- 
fidering the unalterahility of form of the triangle, and the 
advantage of the jiri^ure being brought upon the end 
grain, in which there is comparatively little shrinkage, this 
is certainly a mode of constructing a top-side which must 
be possessetl of great rigidity. In fact, if there was an 
error in the syst« m of trussing the to|i>sides adopted by 
i^ir Uohert Seppings, it was, tluit he did not etttemi it to 
the extremities, even round the bow and stern, and also 
a{)|>ly a similar system to the short stuff outside between 

thcjXMTU. 

The advantages to be tlenved from triangular combina- 
tions of the timber cutn|XMtng the hull of a ship are yet 
but imperfectly ai»j)reemted. We have no doubt tluit great 
improvement in stiip-building is to be elfccted by these 
means, unless, indeed, timber should be sii(K.‘rseded by 
iron, and the stupendous and costly line-uf-battle ship be 
destined to give place to small hut powerfully armed steam- 
boats. An iron sailing vessel is being built in Scotland, of 
between five and six hundred tons burtlien. It seems also 
not improbable that tlic introduction ofiio destructive a mis- 
sile as the hollow shot into naval warfare, will render it ex- 
pedient to diminish the aggregate loss from their effect, by 
lessening tlie size and inm'astng the number of the vc&scU 
iLsed in naval battles. This is, however, as yet merely spe- 
culative. 

Filling In Another important part of the diagonal system, as it U 

tW open- describetl in the foregoing account given by Sir Uohert 
Seppings, was the making Uie bottom a solid mass, by filling 
in the openings between the frame-timbers. This we have 
already mentioned as most efiecltve in resisting alteration 
in form. It possessed a more important advantage, in the 
iuimenM.’ aduitioiial safety it assured to the vessel in the 
event of grounding, or starting a but of the plank. 
The introduction of the system of solid bottoms into the 
mercantile navy, which Mr Uallingall has to long and so 
strenuously urged, would be an incalculable advantage, 
not to tlic merchant or ship-owmer, for tlie system of in- 
Burance is their refuge, but to a class of men of equal 
value to England will) either mcrcliont or ship-owner — sea- 
men, whose lives arc often most cruelly sacrificeii to the 
present immunity from pecuniary loss which marine in- 
Burance guarantees to their employers. 

We arc no friends to (he system of marine insurance. 
We doubt much whether the evils whicli have resulted fiura 
it, in the loss of human life, and its attendant miseries to 
survivors, the system of gambling which it encourages 
among all classes of commercial men engaged in it, and 
the fraud and crime whidi it oAen occasions, do not more 
than counterlial.'mcc its advantages, which, aUer all, may 
be summed up in this, tliot In the event of shipwreck, the 
mcrcliant and shipowner are indemnified for a loss which, 
in a majority of cases, would not have occurred had it not 
been for the recklessness and carelessness engendered by 
the very knowledge (hat this indemnification was to be 
purchasui We here advance no unsuptwrted opinion: the 
Uqwrt of the ommiittee of the I louse of Commons on ship- 
wrecks say», “ The system of marine insurance, though 
afibrding the means of protecting individuals from excessive 
loss, has nevertheless a tendency, by tramferring the pe- 
cuniary’ responsibility lor such losses from the owners of 
sliips to the underwriter who insurer them, to induce le«s 
care In the construction of sliipa, less efficiency in their 
equipment, and k'ss security for their adequate nuiiagement 
at sea ; in as much as (he ri^ of such loss to the ship-owners 
can be coverctl by a fixed premium of insurance, which, 
being charged on the freight, and Uien recharged on tlic 
goods conveyed, fixes the real rcsjHinsibiiity and real lo&s 
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ultimately on the public ; as all the parties actually engaged Pn^uiU 
in the transaction can insure thenw*‘lves from any partiei- 
pation in such loss, by tlie aid of marine insurance.” This, 
too, is from the lloport of a committee compose d principally 
of merchants, of ship-ow ners, and of ship-builders. Hut to 
return to our more iinmcrliatc subject, though we can hardly . 
call this a digression, connected as it is w ith the progress of 
the •cience we arc writing on. 

The system of wooden riders, longitudinal pieces, and Modem 
trusses (Plate CCCCLVI. fig. 4H), U now discontinued ind«m«*yl 
Her Majesty ’§ iihipa, and is siipers^cd by a modification 
the iron riders or braces, which were formerly only propoawl 
by Sir Robert Seppings for frigates and the smaller classes buitdlaj. 
of vessels. In the recent adH[)tation of these braces to linc- 
of-battle shii>a, there are several material difiVrences from 
the original plan. The ceiling, with its thick strakes over 
the hi^s ami heels of Uic timber, is restored, excepting 
that the planking between thi*se thick strakes is luiu dia- 
gonally, as shown in Plate CCCCLVII. fig, 40. There 
are also two ranges ufimn riders; the lower range is brought 
u|Mn the inside of the timbers of the frame, and the ceil- 
ing worked upon and scored over (liem. Tlie upper ends 
of tltis range of riders extend forward in the fure-body and 
all in the aflcr-body, and the headv run high enough to 
turn out upon the orlop clampa, and bolt through them. 

The rkiers of the upper range give lung shill to those of 
the lower range, and their direction crushes tliat of tlie 
lower range at right angles. Both ranges arc very secure- 
ly Imtted llirough the bottom. 

It will have been evident from the foregoing remarks, 
that we do not consider the hold as an odvantagt'ous situa- 
tion for any great expenditure, either of workmanship or 
materials, simply for the puqioie of preventing the altera- 
tion in the form of a sliip. 

Afler Imving obtained the greatest degree of incompres- 
sibility compatible with the materials UM'd, the next ob- 
ject, in UuB ])ort of the body, should be to insure adequate 
local strength to resist the strain of taking the ground ; 
and wc assume it for granted, tliat it is for this pur|x}6c 
the thick strakes at the heads and heels of the tiniliers 
have been restored, and also that the lower tier of iron 
riders is worked. The pUu'ing the ceiling diagonally be- 
tween the several assemblages of thick strokes, was proba- 
bly with an idea (hat it would act as a trussing; but, accord- 
ing to (he views of the action of the disturbing forces which 
we have taketi in this {lort of our article, it can have little, 
if any, effect in preventing alteration in form, beyond that 
of ceiling wurkeu in the ordinary and less coiitly manner, and 
is inferior in otlier reapeetB. 

In tlie up{>er range of riders the iron hors arc placed with 
their upper ends extending inwards from the extremities of 
the ship, olTering a series of very effective ties, or braces, to 
connect the unsupported extremities of the vessel to the 
midship, or sup[koru.*d part, and to the firm basis of tlie 
zone aoout the suHaco of the w ater. This series of braces 
is unquestionably advantageous, and is al»o correct in prin- 
cifde, as affording su]>{K>rt to the extremities of tlic vessel, 
by connecting them nitli the most unalterable |jart of the 
fabric, and to that portion which is abundantly supported by 
the external fluid. We think it probable that tiic addi- 
tional strengtli resulting to the lower part of tlic vessel 
frum the lower range is scarcely adequate to the addilioital 
expense incurred by working them, with all the accessory 
fastening and fitting. This methml which we have describ- 
ed of strengthening the floor, has not near the rigidity to 
resist damage from grounding, of the system that it lias 
sujierseded, which certainly did, according to the intention 
of the inventor, partake of the nature of an inverted arch, 
or rather dome, li has, however, one. and tliat too a very 
considerable advantage, over the wooden diagonal systeni| 
as it offers a fair surface for stowage. 
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I'rmrtidU The ivslem of iron diAEjonal riders whicli we have tlc- 
_ **■** ”*^- scribed is that adopted in line‘Of*batlle ship*. There arc 
several variations from this sv**tem, in iU adaptation to the 
snuillir classes of vesatds, The general features are how- 
ever the same. The i»>odificalions all tend more or less to 
nTTiplify it in its details. There are, however, some instan- 
ces in which the iron bars have their uppcT ends extending 
outwards, towards the extremities of the ve*.sel, probably in 
order to assimilate them to trusses ; but this is evidently, 
next to the vertical, tl>e least advantageous position they 
could be placed in. 

Stern. Qf [Jjj, nicxiem innovations in ship-building, the al- 

teration from the square termination to the round in the 
stems of ships was received with most general rehiclance, 
so wedded is the eye to the forms tt h^ been habituated 
to gaze upon; yet it nwy be fairly questioned whether, if 
cannon had been used for naval warlarc when slii{is were 
first built, a square stern would have ever been construct- 
Cinrular ^ 4^d also whether the curvilinear termination to a body, 
•lenu every outline of which presents curves to tl»c eye, is not 
mure consistent with tlic requirements of a correct taste. 
Be these questions answered as Uiey may, it is certain that 
the alteration was attended will) a great local increase of 
strength in a part which had always previously been con- 
sidered the most imperfectly combined in the w hole hull. 
This was in consequence of the various changes in the 
timbering which were rt^ejuired to m.vintain l!»e angles in 
the contour of the wjuarc stern. (Plate CCCCLIX.) First, 
the enils of the transoms were very insecurely connected 
with the sides of tlic ship; then the connexion bt'tween 
the counter-timbers and tlic transoms was equally insecure; 
and, lastly, the planking along the sides had no connexion 
with, and consequently fornuHl no tie to, that on the stem. 
In the round stern, the timbers of the frame continue to 
give shift to each other, and to be firmly connected to- 
gether all round the curve of the stem ; the various inter- 
na] supports are iminternipted ; and the princi|>al planking, 
being continued from side to side, binds the whole tugelher, 
and makes tlic stem little inferior to ti»e bruaJ&ide in local 
strength. 

The object for which the circular stem was introduce 
was not so much increased strength in mechanical structure, 
as increased strength in defence from attack. Most of Uic 
modificAtionA of the round stern w hich have been introdu- 
ced to |weserve the ft]>|>earance of the square form, and yet 
obtain the same increase of means of defence or of aggres- 
sion, have been considerable improvements in jwint of me- 
chanical construction on the old square stem, but they arc 
Certwnly inferior to the circular stem in strength. This Is 
partly in consequence of the great rake given to them, which 
also diminish(>s the advantage tliat was the object of the 
original alteration ; the increase of the means of attack or 
defence, as the explosion from the muzzle of the gun will 
scarcely clear the ship’s side. 

The great extent to which this rake is now carried is 
exompliHe<] by comparing the rake of the stern of the 
Queen, an English first-rate, which is three feet nine inches 
in ten feet, with the rake of the stem of the Achiilc, a 
French line-of-battle ship, w hich is only two feet tw'o inchea 
in ten feet. \Vc quite grant the beauty (d* appearance aris- 
ing from the rake of the stem ; but hcatily of appearance is 
not an essential for a ship of war. In fact, we believe 
that the stem adapted for a sliip of war is yet to be designed, 
and that sterns will eventually be towers of strcngtli, nearly 
vertical from tJic counter to the taffrail. 

The tlirce modiiications of ships' sterns of which we have 
been s]Knking will perhaps be more clearly understood by 
an examination of Plate CCCC'I.IX. 

Bi>ws. The drawings (Plate CCCCL.) which we have select- 
ed for exemplifying the various plans, sections, and lines 
connected with the draught and Uie laying OS', arc those of 
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the Vindictive, a frigate having an important improvement Pnwtical 
in the form of the bnw alM>ve water, introduced by Mr 
Blake, the nuutcr-shipuriglilof Portsmouth yard, by which 
her battery for is very cunsidtrahly increa*ed in 

strength and efficiency. These advantages are gained with- 
out the loss of any strength, and without the addition of cost, 
in biiihhng; so that it is higtily to be desired that this ship 
should have a fiiir trial at sea. The stern of this ship is a 
modification of the circular formed stem, also from the de- 
sign of the same gentleman. 

We sliall now proceed to notice some of the peculiarities 
observable In the French practice of ship-huilding. The 
characteristic diH'erence in tlieir system from our own, 
which would strike an observer accustomed to English 
shi(>-building, would evidently be a less exponditaire of 
matiTial. 

The French have retained the old system of frames and Ffcoch 
filling limbers. Frequently the frames arc close jointed 
throughout tlH’ir height, and the filling frames put up as“'S* 
single timlH*!^, as is shown in fig. 60, Plate CCCCLVIll. 

The filling timbers are also frequently of fir. Both frames 
and filling timbers are cluun-bulted. There is no shelf 
under the beams, only a thick clamp, and a wide chock 
worked ntxtn the slvort stuff, and up to the beam (Plate 
CCCCLVIll. fig. 46). There are gencrully three side bind- 
ing strakes faced one inch on, and scored one inch over 
tlie bcanis, and bolted togetlier by in and ont bolts passing 
through the water-way, which is also faced and scored in 
the same manner. These bolls are secured w ith nuts and 
screws at the points, on the ouUiide plank. 

The water-way is not always scored over U»c beams, but Wsier- 
is sometimes brought plain on their ends (fig. 4fi), Thewsy. 
holts of the binding sirakes, which arc then also merely 
brought on to the beams, secure its low cr edge ; and in both 
cases it has in and out bolts tliruugb the ship’s side, to se- 
cure its upper edge. 

The method of connecting the beam-ends wit!» the ship’s 
side, which a[)pears to be mo*t generally adopted in tne 
French sliijvs at present, consists of a choclc under the beam 
(fig. 46), securely bolted through the ship’s side, the |X)inta 
of Uic holla lx;ing set up with a nut and screw. 'I‘hc beam- 
end hooks over the head of this chuck. A pl*te-knec si- 
milar in sha]H' to that known in the English service as 
Uoberts' kmx.* is brought on each side against the chock and 
beam; but these knees, instead ok'liaving a short arm against 
the ship’s side for taking in attd out fastenings, themselves 
form the bolt, each knex* liaving an arm nhicli is driven 
through the side by means of a shoulder worked in the 
knee, similar to the sltouhler of a dog-bolt. The outer end 
is Bcxurcd by a nut and screw. The security of the plate- 
knccs to the beam and chock consists only of three screws 
in each arm, and one screw in the diagonal brace. These 
screws are not above five inches long. Tims the security 
of cither knee is completely unconnected witli that on the 
opposite side of the beam. 

The wdes, dimiutsliing stuff, and plank of the bottom, p] ,py,n g, 
are all ireenail-fasti-ned, Uie butsare sccutlhI will) two bolt- 
nails in the timber on wliich the but is placed, and a 
through-bolt is driven in the timber next the but. In some 
instances the plank is nail-fostencd, but whether with nails 
or treenails it is double fastened. The trt'cnails arc not 
caulked on the ceiling, but wedged with conical wedges. 

Must of the principal bolts, as tliose of the water-ways and 
chocks, under the beams, are set up outside witii a nut and 
screw ; ond great care is taken to omit the fastening of the 
wales and outside planking, wherever (ht'sc bolts can be 
advantageously made to onswer os fastenings for them. 

Tliere is no regular system observed in tufting the buta 
of the plank, as there is in the English service ; but the 
planks are worked to their full length, without reference to 
the shift : the only rule which appears to be observed is, tliat 
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I.«mcbip((. there Rhall be about two feet shiA between the buU of fol* 
lowing strakes. 

Ilathcr an interesting experiment n» to the possibility of 
diminUliing the scantling of the timber, to any great ex- 
tent, which is used for building large ships, is in progress 
in the French navy. The Survcillante, a large frigate, was 
built wlrolly of small timber, about ten years ago, and as 
yet the reports on the system arc favourable. 

The following is an outline of Uic plan on wliich she was 
built. 

SmsU lint* The keel, stem, and stem-post arc formed of various pieces 
**<*• of timber combined as in the section, Plate CCCCLVIIL 
fig. 51. 

The several lengths of the centre piece, or core, are 
scarphed logcUier, while the side or strengthening pieces 
only but with plain buts; care being taken Uiat the buts 
and scarp hs give good shiA to each other. 

There arc in this system no other frames than those which 
form the side?; of ports, and the timbers composing these 
frames arc bolted together, without leaving any opening 
between tlicm, that is, close jointed. Tlkr spaces between 
the frames arc filled in with single timbers, or rather with 
a frame-work of limber fitted together in the manner shown 
in fig. 52. 

The cant-bodies are framed os in the ordinary metlmd, 
the after-body timbered round to the post without transoms 
or fashion-pieces. 

From the main-deck upwards the scantlings of the frame* 
arc not ditferent from those of a shin of a similar size built 
in the usual manner ; but below this line there is a very con- 
siderable reduction. This reduction commences at the 
lower edge of the gun-dcrck clani(M, and there a couple of 
thick strakes are worked up to Uie lower edge of these gun- 
deck clamps, to form an abutment for a series of internal 
timbers, brought on the inner surface of the timbers of' the 
frame, and crossing them at an angle of 45^, the upper ends 
being placed forward in the fore-body, and aA in the oAcr* 
body. These limbers but at their heels on the heads of a 
series of internal floor-timbers, brought on the upper sur- 
faces of the floors of the frame. These internal floors are 
Laid athwaruhips. The openings between the timbers of 
this interna] diagonal frame are filled in with wedge-fillings, 
so that the whole bold presents one smooth surface for 
stowage. 

Whererer there is an atliwartahip bulk-head, there is a 
system of riders worked on the inner surface of this diago- 
nal frame, but taking a vertical direction. The timbers of 
these bends of riders arc not wrought side by side, but one 
series of* limbers is worked on the inner surface of the other, 
and the bohs imss in and out through both, and through 
the bottom. These riders run up to the lower deck, and a 
beam is so dis]x>sed with respect to each bend of riders, os 
to be scaired to their heads, and form a part of the system. 
The bulk-heads w hich necessarily fill in the spoc'C between 
the beam and the riders run diagonally up on cither side 
tbe^ middle from a midship pillar to the beam and riders. 
Each bulk-head is water-tight. 

On Launching. 

Launching. Ships are generally built on blocks which arc laid at a 
declivity of about j^ths of an inch to a foot. Hiis is for the 
facility of launching them. The inclined plane or sliding 
plank on which they arc launched has rather more inclina- 
tion, or about f^ths of an inch to the foot for large ships, 
and a slight increase on this for smaller vessels. This in- 
clination will, however, in sqmc measure depend upon the 
depth of water into which the ship is to be launched. 

AVhile a ship U in the progress of being built, her weight 
is partly stip|K>rte<i by her keel on tlie blocks, ami }>artly by 
shwes. In order to launch her, the weight must be taken ofi' 



these supports, and transferred to a moveable base $ and Launchmj;. 
a platform must be erected for the moveable base to slide 
on. This platform must not only be laid at the necessary 
inclination, hut must be of sufficient liciglit to enable the 
slop to be water-borne, and to preserve her from striking the 
ground w hen she arrives at the end of the ways. 

For this purpose, an inclined plane, o, a (Plate 
CCCCLVTII. figs. 53, 54), purposely leA unplaned to di- 
minish the adhesion, is laid on each side the keel, and at 
about one sixth the breadth of the vessel distant from it, 
and firmly secured on blocks fastened in the slipway. This 
inclined plane is called the sliding plank. A long timber, 
called a bilgeway, 5, 6, with a smooth umler surface, ts 
laid upon this plane ; and upon this timber, as a base, a 
tein|K>rarV frame-work of shores, e, e, called “ ponpeU,” is 
erected to reach from the bilgeway to the shij). The up- 
per part of this frame-work abut* against a plank. </, tem- 
porarily fastened to the bottom of the ship, and firmly 
cleated by cleats, e, r, also temporarily secured to the bot- 
tom. When it is all in place, and the sliding-plank and 
under ude of the hilgeway finally greased with tallow, soA 
soap, and oil, the whole framing is set close up to the bot- 
tom, and down on the sliding plank, by wedges, /, /, tech- 
nically called slivers, by which means the sliip’s weight is 
brought upon the “ launch.* 

When the launch is thus fitted, the ship may be said to 
have three keels, two of which are tem{>orary, and are se- 
cured under her bilge. In consequence of this width of sup- 
port, all the shores may safely be taken away. This being 
done, the blocks on which tlie ship was built, excepting a 
few, according to tlic size of the ship, under the (bremust 
end of the keel, are gradually taken from under her as the 
tide rises, and her weight is then transferred to the two 
temporary keels, or the launch ; the iHUlotn of which launch 
is Ibmted by the bilgeways, resting on well-greased in- 
clined planes. The only preventive now to the launching 
of the sliip is a short shore, called a dog-shore (g), on each 
side, with its heel firmly cleated on the immoveable plat- 
form or sliding plank, and its bead abutting against a cleat 
(4), secured to the bilgeway, or base of the moveable part 
of the launch. Consequently, when this shore is removed, 
the weight of the ship forces her down the Inclined plane 
to the water. To prevent her running out of her straight 
course, two ribhaiuis are secured on the sliding plank, and 
strongly shored. Should the ship ruH move when the dog- 
shore is knocked down, the blocks remaining under the fore 
part of her keel must be consecutively removed, until her 
weight overcomes the adhesion, or until the aciioQ of a 
scr(>w against her fore foot forces her off*. 

Fig. 55 (Plate CCCCLIII.) will give an idea of a method Frmth m«- 
of fitting the launch which is practised in the French yarda.tho<l ol 
It must be observed, that the plan requires a firm founiiition 
to the slipway, and therefore it is not generally applicable. 

The two pieces (o, a) which are sbowm in the figure as 
being secured to Uie ship's bottom, are the only meces 
which need be prepared for each ship ; the wliole of the re- 
mainder will be available for every UuikIi. These pieces 
were, in tlie launch fitted to the bottom of a fiAy-gtin fri- 
gate, seven inches thick on their outer edge* at the mid- 
ship bend, and were in length one third that of the ship. 

A space scarcely more than half an inch waa IcA between 
them and the baulk-timlKT, which was placed bencatli them 
(5, 5), as it was not intended that the sliip should bear on 
Aicm; baulk. timbers in launching ; they are only to support 
her in the event of her heeling over. 'I‘he ship waa intended 
to launch wholly on the sliding plank (e), which was fitted 
under the keel. This sliding plank was, in tlie case in ques- 
tion. about fmir inches thick. The groundwavs were of 
baulk-timber, laid about four feet apart, extending across 
the klip : between these groundways stacks of blocks were 
built, so Uiat the sliding plonk was supported along its whol« 
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LftuM-bing.Icncth with »c*rcc1y greater intervaJ* than about fifteen 
incnt?a between llic su^^rts. The slip was cut from out 
of the solid n>ck. 

Lsttochin^ Fig. 50 (Plate CCrCIJII.) represents a section of a 
"^ueni oflaunchlnga ship which has been coppered on the 

durkinif. which therefore need not be afterwards dkteked 

for that purpose. This method of fitting the launch avoids 
the necessity of docking to remove the laurveh, by not hav- 
ing any part secured to the »hip. The two sides of the 
cradle arc prevented from being forced apart nhen the 
weight of the idiip is brought on them, by chains |MO(sing 
under the keel. Each portion of frame-work composing 
tJ)c launch has two of these chains attached to it« and 
brought under the keel to a bolt a, which passes slackly 
through one of the poppets, and is secured by a strong 
fore-lock 5, with an iron handle e reaching to the poru, at 
which, when the ship U afinst, it may be drawn out of 
tJ)e bolt; the chain Uien draws the bolt a, and in falling 



trips tlie cradle from under tlie bottom. There ahould be I^suiiching. 

at least two chains on each side secured to the fore-poppets, 

two on each side to the after-poppets, and two on each side 

to tlie stopping-up (fig. 54) \ and this is only for the launch 

of a small ship. The num^r will necessarily increase with 

the weight of the vessel. 

W'c close this article with some most valuable tables of Experi- 
experiments. The first is compiled from one in Moseley’s^"*".®" 
Illustrations of Mechanics, llic other three we have becn“***“'^ 
kindly favoured with by Mr Parsons, a member of the late 
School of Naval Architecture, and formerly belon^ng to 
Her Majesty’s dock-yard service. These experiments, with 
a number of others on various securities, were most care- 
fully made by this gentleman $ andVe regret much that 
he has not yet made them public to the world, as we are 
not aware of any similar information being accessible to 
naval architects or to engineers. 
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SHIP-BUILDING. 



Bzprri. « In Rig* fir the ttdhoaion wa* on an avcra|;e about one 
third of that in oak. and in jroocl sound Cana^ elm it was 
a rmn^ about three femrths of that in oak. 

“ Tahie of Ae Sitr€n^th of Clnuha and of Fortlockt, as se- 
curities to Iron and Copper Boitt, drirtH six inches., with- 
out Drifts into sound Oak, either elenched orforetorhed on 
Rings, and suhje^ed to a direct Strain, as in fg. 57. 




the strenerth of the rings in comparison with the clenche*. ttprri. 
The rings were of the iiAual site, viz, the iron of the ring 
one eighth inch lew in diameter than that of ihe bolt. It 
was foimd that the rings always carried away the clenches, 
but that they were drawn into Oic form of a link with per- 
fectly straight skies. The rings bore, before any change 
of form took place, not quite one half the weight which tore 
off the clenches. It appears tliat the rings are well pro- 
portioned to the strength of the ciencliea. 

“ Table of the Transverse Sirentjlh of Treenails tf English 
Oak usetl as fastening for Planks rf three and <f six 
inches in thtchness, and subjected to a iS^in, as shotm to 
be applied in fg. 58. 
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** In the experiments on the clenches, tire clencJies always 
gave way ; but witli the forelocks it as frequently occurr^ 
that the fcM’elock was cut off as tliat the bolt broke ; and 
in the cases of the bolt breaking, it w'as invariably across 
the fOTelock hole. According to the tables, the security of 
a forelock is about half that of a dendi. 

“ It appears an anomaly that the strength of a clench on 
copper anould be eqiuU to that of one on iron. Ilut, in con- 

n lienee of the greater ductility of copper, a better cleach 
>rmcd on it than on iron. Generally the thickness of 
tlic fractured clench in the copper was double that in the iron. 
With rings of the usual width for the clenches, the wooil will 
break away under the ring, and the ring be imbedded for two 
or more inches before the clench will give way. 

With the inch copper bolts, all the rings under the clenches 
turned up into the snape of the frustum of a cone, and allow- 
ed Uio clench to slip through at the weights specihed. 

** Experiments with ring-bolts were made to ascertun 



“ In all Uicsc experiments on treenails, when the tree- 
nails were evidently good, they gave way gradually. In 
some of the reject^) oxpenmenis, however, the tTcenails 
certainly did break off suddenly, but (hen they were evi- 
dently on examination eitJier bad or over-seasoned tree- 
nails. It is no uncommon remark in caulking down the 
bottom of a vessel, that the caulkers break off the treenails by 
caulkinc,aml that they hear them crack or break off suddenly. 
Now 1 do not believe that this cracking of (he treenails takes 
place so frequently as it is sujq»ose<l. What the men hear 
is the starting of (he plank on the different fa<»tenings. It 
lias been asserted that the treenails made from the Sussex 
oak ve much stronger than those made from the New Forest 
timber, or any other English oak. To ascertain the truth 
of this assertion, some experiments were made with Sussex 
and New Forest treemaiU of all sizes ; ami the result was, 
that there was not the least difference in them, tlie New 
Forest were on experiment quite as strung as the Sussex. 

** In Uic experiincnU on treenails, the plank generally 
moved about half an inch previous to the fracture of Uie 
treenail.’* (®. i.) 
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